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VACCINATION  AND  ITS  RELATION  TO 
ANIMAL  EXPERIMENTATION 


JAY  FRANK  SCHAMBERG,  M.D. 

PHILADELPHIA 


[Editorial  Note — ^The  choice  of  Dr.  Schamberg  to  write  this 
pamphlet  is  a  most  fitting  one.  Through  his  connection  with 
the  Municipal  Hospital  of  Philadelphia  he  has  had  an  unus- 
ually extensive  experience  with  smallpox  and  has  had  the 
opportunity  of  observing  vaccinated  and  unvaccinated  persons 
after  they  have  been  exposed  to  this  disease.  He  is  the 
author  of  works  on  skin  diseases  and  of  many  articles  on  the 
subject  in  medical  periodicals.  He  is  Chairman  of  the  Vacci- 
nation Committee  of  the  Pennsylvania  State  Medical  Society, 
holds  professorial  positions  in  several  medical  schools,  and  is 
recognized  as  one  of  the  most  earnest  students  of  vaccination 
in  this  countrv.] 


Thomas  Jefferson,  writing  in  1806  to  Edward  Jenner, 
the  discoverer  of  vaccination,  said:  "Future  nations 
will  know  by  history  only  that  the  loathsome  smallpox 
has  existed  and  by  you  has  been  extirpated."  The  pre- 
diction of  this  sagacious  statesman  would  ere  this  have 
been  fulfilled  if  vaccination  and  revaccination  had  been 
universally  practiced.  Despite  one  hundred  years  of 
incontrovertible  testimony  of  the  efficacy  of  adequate 
vaccination  as  a  safeguard  against  smallpox,  and  de- 
spite an  almost  complete  unanimity  of  opinion  among 
scientific  medical  men  of  the  century,  there  still  remain 
some  laymen  and  a  few  physicians  who  dissent  from  the 
generally  accepted  view. 

In  writing,  therefore,  on  the  increase  of  our  knowl- 
edge of  vaccination  and  smallpox  in  its  relation  to  ani- 
mal experimentation  and  research,  it  will  be  desirable  to 
preface  the  same  by  a  discussion  of  the  efficacy  of  vac- 
cination as  a  prophylactic  measure  against  smallpox. 

In  order  to  appreciate  the  importance  of  Jenner's  dis- 
covery of  vaccination,  it  is  necessary  to  comprehend  how 
extensive  and  fatal  was  smallpox  in  the  prevaccination 
period. 


The  date  of  the  origin  of  smallpox,  as  is  true  with 
many  of  the  pestilential  diseases,  is  involved  in  some 
obscurity.  While  there  are  references  in  literature  to 
diseases  suggestively  corresponding  to  smallpox  dating 
back  many  centuries,  we  have  no  trustworthy  record  of  the 
extent  of  its  prevalence  before  the  fifteenth  century.  The 
probabilities  are  that  it  made  its  first  appearance  in  the 
Orient  and  was  thence  introduced  into  Western  Europe. 
Epidemics  of  this  disease  became  progressively  more 
common  during  the  seventeenth  century  and  reached 
their  maximum  of  frequency  and  extent  in  the 
eighteenth  century.  For  official  data  concerning  the 
disease  in  the  seventeenth  and  eighteenth  centuries  we 
are  largely  indebted  to  the  London  "Bills  of  Mortality," 
which  gave  a  weekly  account  of  burials  and  christenings, 
and  from  1629  to  1845  the  specific  causes  of  death,  in- 
cluding smallpox. 

It  has  been  estimated  that  the  population  of  London 
in  1685  was  530,000;  in  1750  it  was  approximately 
653,900;  in  1801  it  was  determined  by  census  to  be 
746,233. 

The  mortality  from  smallpox  in  London  for  an  aver- 
age of  ten  years,  from  1681  to  1690,  was  over  3  per 
thousand  of  population  (3,000  per  1,000,000) ;  in  the 
seventeenth  and  eighteenth  centuries  it  frequently  rose 
to  4.5  or  more  per  thousand. 

In  the  54  years  from  1647  to  1700,  there  was  an  aver- 
age mortality  from  smallpox  in  London  of  1,079  per 
year.  The  average  yearly  deaths  by  smallpox  in  the 
eighteenth  century  were  1,958.  As  it  has  been  com- 
puted that  about  one  in  five  died,  it  would  appear  that 
there  were  on  an  average  over  5,000  cases  of  smallpox 
annually  in  the  English  capital  in  the  seventeenth  cen- 
tury, and  almost  10,000  cases  a  year  in  the  eighteenth 
centurv. 

As  will  be  readily  comprehended,  smallpox  was  a 
great  scourge  before  the  days  of  vaccination ;  but  a  small 
percentage  of  people  escaped  its  ravages.  It  is  asserted 
by  contemporaneous  writers  that  in  the  eighteenth  cen- 
tury. At  the  end  of  certain  epidemics,  as  many  as  80 
to  90  per  cent,  of  the  population  represented  survivors 
from  attacks  of  smallpox. 

Indeed,  smallpox  was  as  prevalent  in  the  eighteenth 
century  as  measles  is  at  the  present  time.  Haygarth 
gives  an  account  of  an  epidemic  of  smallpox  in  Chester, 
England,  in  1744,  at  which  time,  out  of  a  population  of 
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14,713,  1,202  persons  took  the  disease  and  202  died.  At 
the  termination  of  the  epidemic  there  were  but  1,060 
persons,  or  7  per  cent,  of  the  population  who  had  never 
had  smallpox. 

In  1722  smallpox  devastated  the  small  English  town 
of  Ware,  whose  population  numbered  2,515  souls;  of 
this  number,  there  were  only  914  persons  susceptible  to 
smallpox,  inasmuch  as  1,601  had  already  passed  through 
an  attack  of  the  disease.  During  the  epidemic  referred 
to,  612  persons  were  attacked,  leaving  but  302  individ- 
uals in  the  entire  town  who  had  never  had  smallpox. 
Eighty-five  per  cent,  of  the  population,  therefore,  were 
smallpox  survivors. 

With  these  official  figures  in  mind,  we  may  be  better 
able  to  appreciate  the  general  estimate  of  the  extent  of 
smallpox  given  by  writers  of  the  day.  In  1802  Admiral 
Berkeley,  in  a  speech  before  the  House  of  Commons, 
said: 

It  is  proved  that  in  this  United  Kingdom  alone  45,000  per- 
sons die  annually  of  the  smallpox;  but  throughout  the  world 
what  is  it?  Not  a  second  is  struck  by  the  hand  of  Time  but 
a  victim  is  sacrificed  upon  the  altar  of  that  most  horrible  of 
all  disorders,  the  smallpox. 

King  Frederick  William  III,  of  Prussia,  in  a  dis- 
patch, dated  Oct.  31,  1803,  stated  that  40,000  people 
succumbed  annually  to  smallpox  in  his  kingdom. 

The  French  physician,  De  la  Condamine,^  stated  that 
"every  tenth  death  was  due  to  smallpox,  and  that  one- 
fourth  of  mankind  was  either  killed  by  it  or  crippled  or 
disfigured  for  life." 

Juncker,  professor  of  medicine'  in  Halle  in  1796-98, 
gathered  statistics^  indicating  that  65,220  persons  died 
of  smallpox  in  the  German-speaking  countries  in  1796. 

Sarcone^  estimated  the  number  of  persons  in  Italy 
who  suffered  from  smallpox  as  nine-tenths  of  the  popula- 
tion. He  states  that  in  Eome  in  1754  smallpox  de- 
stroyed more  than  6,000  lives. 

Smallpox  was  introduced  into  the  western  hemisphere 
by  the  Spaniards  about  fifteen  years  after  the  discovery 
of  America;  in  Mexico  within  a  short  period  3,500,000 
persons  are  said  to  have  died  of  the  disease.* 

1.  De   la    Condamine :    M^moire    sur   rinoculation    de    la    petite 
v€role,   1754. 

2.  Ktibler :  Geschichte  der  Pocken  und  der  Impfung,  1901,  p.  99. 

3.  Sarcone :    Childpox,    etc.,    translated    from    the    Italian    into 
German  by  Lentin,  Goettingen,  1782. 

4.  Chapman :    Eruptive   Fevers,   etc.,    1844.   quoting   Robertson's 
History  of  the  Discovery  of  America. 


It  is  alleged  that  in  Mexico  smallpox  has  exterminated 
whole  tribes  of  Indians,  sparing  no  one  to  tell  the 
story  of  the  annihilation. 

Eobertson  refers  to  smallpox  among  the  South  Ameri- 
can Indians  as  follows:** 

In  consequence  of  this  [various  calamities],  together  with 
the  introduction  of  the  smallpox,  a  malady  unknown  in  Amer- 
ica, and  extremely  fatal  to  the  natives,  the  number  of  the  peo- 
ple both  in  New  Spain  and  Peru  was  so  much  reduced  that  in 
a  few  years  the  accounts  of  their  ancient  population  appeared 
almost  incredible. 

Catlin®  states  that,  of  12,000,000  American  Indians, 
6,000,000  fell  victims  to  smallpox. 

Washington  Irving's  "Astoria"  makes  mention  of  ter- 
rible epidemics  of  smallpox  among  the  Indians  in  which 
"almost  entire  tribes  were  destroyed." 

Lloyd,  who  translated  Prince  Maximilian's  "Travels 
in  the  Interior  of  North  America,"  states  in  the  preface, 
in  reference  to  a  smallpox  epidemic  among  the  Indians 
in  1837: 

The  Big-Bellied  Indians  and  the  Ricarees,  lately  amounting 
to  4,000  souls,  were  reduced  -to  less  than  the  half.  The  As- 
siniboins,  9,000  in  number  .  .  .  are,  in  the  literal  sense  of 
the  expression,  nearly  exterminated.' 

According  to  records  published  by  the  government  of 
Denmark,  a  devastating  epidemic  of  smallpox  appeared 
m  Iceland  in  1707  which  destroyed  18,000  out  of  the 
50,000  inhabitants;  36  per  cent,  of  the  total  population 
perished.  It  is  stated  on  good  authority  that  in  the 
Danish  colony  of  Greenland,  in  1734,  6,000  to  7,000 
persons  perished  from  smallpox,  representing  nearly  two- 
thirds  of  the  population.  The  disease  was  introduced 
by  a  Danish  ship. 

The  natives  of  New  England  likewise  suffered  great 
losses  by  smallpox.    Robertson  writes : 

At  the  same  time,  about  1631,  the  smallpox,  a  distemper 
fatal  to  the  people  of  the  New  World,  swept  such  multitudes 
of  the  natives  that  some  whole  tribes  disappeared. 

In  1752  Boston  had  a  severe  epidemic  of  this  dread 
disease.     The  population  of  Boston  at  that  time  was 

5.  Robertson,  William  :  History  of  the  Discovery  and  Settlement 
of  America,  1829,  p.  348. 

6.  Catlin :  Letters  and  Notes  on  the  Manners,  Customs  and 
Conditions  of  the  North  American  Indians,  London,  1841. 

7.  Extracts  from  a  paper  prepared  by  Sir.  John  Simon  in  1857, 
and  presented  by  him  before  the  Royal  Commission  on  Vaccination 
in  1889,  Appendix  No.  1,  p.  63. 


15,684;  of  this  number,  5,998  had  previously  had  small- 
pox. During  the  epidemic  5,545  persons  contracted  the 
disease  in  the  usual  manner,  and  2,124  took  it  by  inocu- 
lation. Eighteen  hundred  and  forty-three  people  es- 
caped from  the  town  to  avoid  the  danger  of  infection.' 
There  were,  therefore,  left  in  the  city  but  174  people 
who  had  never  had  smallpox.  The  population  at  the 
end  of  the  epidemic  practically  consisted  of  persons  who 
had  survived  an  attack  of  this  fear-inspiring  malady. 

CHANGE  IN  THE  AGE  INCIDENCE  OF  SMALLPOX 

Smallpox  was  essentially  a  disease  of  children  in  for- 
mer times;  to  such  an  extent  was  this  true  that  the  dis- 
ease was  called  Kindspocken  (childpox,  or  Kindsblat- 
tern).  Owing  to  the  pronounced  contagiousness  of  the 
disease  and  the  almost  universal  susceptibility  to  it, 
smallpox  was  largely  contracted  during  child  life,  as 
measles  is  at  the  present  time.  But  comparatively  few 
adults  contract  measles  at  the  present  day  because  they 
are  protected  by  a  previous  attack  in  infancy  or  child- 
hood. The  same  conditions  obtained  with  relation  to 
smallpox  in  the  days  before  vaccination.  The  adult 
population  represented  mostly  the  survivors  from  small- 
pox in  childhood.  It  was  estimated  that  only  about  5 
per  cent,  of  persons  were  naturally  insusceptible  to  the 
disease.  Vaccination  has  totally  changed  the  age  period 
of  smallpox.  It  is  now  excessively  rare  for  a  success- 
fully vaccinate^  child  under  five  years  of  age  to  die  of 
the  smallpox;  it  is  even  uncommon  for  a  successfully 
vaccinated  child  under  ten  years  of  age  to  die  of  the 
disease,  as  was  adequately  proved  in  the  testimony  pre- 
sented before  the  British  Royal  Commission  on  Vaccina- 
tion. 

The  almost  exclusive  mortality  of  smallpox  among  in- 
fants and  children  in  the  days  before  vaccination  is 
exemplified  in  the  smallpox  statistics  of  Kilmarnock 
from  1728  to  1764,  a  period  of  thirty-one  years.  During 
this  time  the  total  deaths  were  3,860,  and  the  deaths 
from  smallpox  622.  There  were  nine  epidemics  of  small- 
pox recurring  at  intervals  of  about  four  years.  Of  the 
622  smallpox  deaths,  586  were  in  children  under  six 
years  of  age,  27  occurred  in  persons  over  the  age  of  six, 
and  the  age  of  nine  persons  were  not  known. 

8.  Gentlemen's  Magazine,  1753. 
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In  Chester,  in  the  epidemic  of  1774,  all  of  the  small- 
pox deaths,  numbering  202,  occurred  in  children  under 
ten  years  of  age  and  one-quarter  of  them  under  one  year. 

In  Kilmarnock,  of  622  deaths  from  smallpox  between 
1728  and  1763,  only  seven  were  of  those  above  ten  years. 

In  1733  Warrington  sustained  an  epidemic  of  small- 
pox which  resulted  in  211  deaths- (population  8,000). 
In  1893  another  epidemic  occurred  which  resulted  in  62 
deaths  (population  54,084,  of  whom  53,645  were  vacci- 
nated). The  ages  of  the  patients  attacked  are  given  in 
Table  1. 

TABLE  1.— AGE  OP  SMALLPOX  PATIENTS  IN  WARRINGTON, 

1773  AND  1893 

Not 
Vaccinated.  Vaccinated. 

Age.  1773  1893 

* 

Under  1  year 49  0  8 

1  to     2  years 84  0  1 

2  to    3  years 33  0  0 

3  to    4  years 18  0  1 

4  to     5  years 15  0  1 

5  to     6  years 4  0  0 

6  to     7  years 2  0  0 

7  to    8  years 2  0  0 

8  to     9  years 4  1  1 

9  to  15  years 0  1  1 

15  to  20  years 0  1          .  2 

20  to  30  years 0  10  4 

30  to  60  years 0  24  5 

Over  GO  years 0  1  0 

211  38  24 

♦  Under  1  month. 

In  1773  all  of  tlie  deaths  were  under  ten  years  and 
nine-tenths  were  under  five  years  of  age. 

In  1893  among  the  vaccinated  not  a  death  occurred 
under  eight  years  of  age;  indeed,  not  one  vaccinated 
child  under  eight  years  of  age  contracted  smallpox. 

BLINDNESS  AF'J'ER  SMALLPOX 

People  hold  smallpox  in  great  dread  with  good  reason, 
l^ot  only  does  this  disease  destroy  life,  disfigure  and 
maim,  but  in  the  past  it  has  been  one  of  the  most  com- 
mon causes  of  blindness.  The  early  records  of  the  Lon- 
don Asylum  for  the  Indigent  Blind  showed  that  two- 
thirds  of  the  inmates  had  lost  their  sight  through  small- 
pox.® 

According  to  Sir  William  Aitkin,  90  per  cent,  of  the 
cases  of  blindness  encountered  in  the  bazaars  of  India 
are  due  to  smallpox. 

9.  Blane,  Sir  Gilbert :  Med.-Chir.  Tr.,  x,  326. 


Surgeon-General  Pinkerton,  in  the  service  of  the  gov- 
ernment of  India,  testified  before  the  Eoyal  Commission 
on  Vaccination  that  blindness  after  smallpox  was  so 
common  in  India  that  a  new  word,  "Kanu/^  was  added 
to  the  Scindi  language,  the  word  meaning  blindness  in 
one  eye. 

Dr.  Thomas  W.  Grimshaw,  Eegistrar  General  for  Ire- 
land, testified  before  the  commission  that  "the  number 
of  cases  in  which  blindness  is  attributed  to  smallpox 
diminished  from  725  in  1861  to  359  in  1881." 

TABLE  2.— BLINDNESS  FROM  SMALLPOX  IN  IRELAND 

Cases  in  Which  Blind- 
Total  No.  ness  was  ascribed 
Deaths  From  to  Smallpox. 
— Blind  in  Ireland —     Smallpox  Ratio  to 

Ratio  to     in  Preceding  Total  Number 

Year.  No.  Population.     10  Years.  No.        of  the  Blind. 

1851  7,587  1  in  864  38,275  ... 

1861  6.879  1  in  843  12,727  725  1  in     9.5 

1871  6,347  1  in  852  2,852  526  1  in  12 

1881  6,111  1  in  847  7,550  359  1  in  17 

In  the  Municipal  Hospital  of  Philadelphia  during  a 
period  of  over  35  years,  but  two  smallpox  patients  have 
left  the  institution  totally  blind.  Many  patients  with 
severe  smallpox  lose  both  of  their  eyes,  but  fortunately 
these  patients  usually  succumb  to  the  disease.  The  loss 
of  one  eye  is,  however,  by  no  means  rare.  In  the  epi- 
demic of  1901-1904  (which  was  not  particularly  severe), 
during  which  over  3,500  cases  of  smallpox  were  treated, 
•17  patients  suffered  the  loss  of  an  eye,  despite  most  care- 
ful treatment;  most  of  these  patients  were  unvaccinated. 

DECLINE    OF    SMALLPOX    AFTER    THE    INTRODUCTION    OF 

VACCINATION 

In  most  of  the  countries  of  western  Europe  there  was 
noted  about  the  beginning  of  the  nineteenth  century  a 
sudden  and  pronounced  decrease  in  the  morbidity  and 
mortality  of  smallpox.  Inasmuch  as  this  was  coincident 
with  the  diffusion  of  the  practice  of  vaccination,  there  is 
strong  reason  to  regard  Jenner's  epoch-making  discovery 
as  the  causative  influence.  The  careful  records  of  small- 
pox mortality  which  were  kept  in  various  countries,  par- 
ticularly in  Sweden  and  England,  make  it  possible  to 
prove  by  documentary  evidence  that  a  marvelous  de- 
crease in  the  deatlis  from  smallpox  occurred  within  a 
short  period  after  the  introduction  of  vaccination.  In 
the  twenty-eight  years  before  vaccination  in  Sweden 
there  died  each  year  from  smallpox  out  of  each  1,000,000 
of  population  2,050  persons ;  during  the  forty  years  f ol- 
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^^ 


TABLE  3.— ANNUAL  SMALLPOX  DBATHS  IN  SWBDEN  BEFORE 
AND  AFTER  THE  INTRODUCTION  OF  VACCINATION  • 

NX              C^JBefefWtogdMtJon                 1805    1,090 

WT*^.         ^^L.-^          .  _^         ^g^^    ^^^^2 

1807     2,129 

1808    1,814 

1809     2,404 

1810$    824 

1811     689 

1 812     404 

1813     547 

1814     308 

1815     472 

1816  .  *. 690 

Compulsory     Vaccination     In 
Infancy 

1817  242 

1818  305 

1819  161 

1820  143 

1821  37 


m9>  TTTrr]: rTr^ .  4,453 

1750  .^ -..  6,180 

^751  5,546 

-3.752               nutJL  -  10,302 

1753  r.>TVr... '. .  8,000 

1754  6,862 

17§5 4,705 

7,858 
10,241 
7,104 
3,910 
3,568 

1761  rr^>..^...  5,731 

1762  ..r,.  9,389 

1763  11,662 

1764  4,562 

1765  4,697 

1766  4,092 

1767  4,189 

1768  10,650 

1769  10,215 

1770  5,215 

1771  4,362 

1772  5,435 

1773  12,130 

1774  2,065 

1775  1,275 

1776  1,503 

1777  1,943 

1778  6,607 

1779  15,102 

1780  3,374 

1781  1,485 

1782  2,482 

1783  3,915 

1784  12,456 

1785  5,077 

1786 671 

1787  1,771 

1788  5,462 

1789  6,764 

1790  5,893 

1791  3,101 

1792  1,939 

1793  2,103 

1794  3,964 

1795  6,740 

1796  4,503 

1797  1,733 

1798  1,357 

1799  3,756 

1800  12,032 

1801  6,057 


Total   (53  years)..  125,130 
After    Vaccination 

1802    1,533 

1803     1,464 

1804     1,460 


Total    (20  years)..  18,217 

Compulsory     Vaccination     In 
Infancy 

1822    11 

1823    39 

1824     618 

1825     1,243 

1826     625 

1827     600 

1828     257 

1829     53 

1830     104 

1831     612 

1832     622 

1833     1,145 

1834     1,049 

1835     445 

1836     138 

1837     361 

1838    1,805 

1839     1,934 

1840     650 

1841     237 

1842     58 

1843     9 

1844     6 

1845     6 

1846     2 

1847     13 

1848     71 

1849     341 

1850     1,376 

1851     2,488 

1852     1,534 

1853     279 

1854     204 

1855     41 


•  The  population  In  1751  was  1,785,727  ;  in  1855,  It  was  3,639,332. 
t  From  1749  to  1773  Inclusive,  deaths  from  measles  are  Included. 
%  First  successful  vaccination  in  Stockholm. 


TABLE  4.— POPULATION,  TOTAL  DEATHS,  AND  DEATHS  BY 
SMALLPOX  DURING  SEVEN  YEARS  BEFORE  THE 
GENERAL  INTRODUCTION  OP  VACCINA- 
TION IN  PRAGUE* 

Deaths 

Total  From 

Year.         Population.       Number.     Smallpox.  Remarks. 

1796  3,003,346  92,242  6,686         The  proportion  of  the 

deaths  generally  to 
poprulation. — 1 :32. 

1797  2,991,346  86,855  1,988 

1798  3,045,926  84,743  3,106 

1799  3,041,608  99,079         17,587         Deaths  from  smallpox 

to  population. — 
1:396%. 

1800  3,047,740  110,730  17,077 

1801  3,036,481         105,576  3,169         Deaths  from  smallpox 

to  the  total  num- 
ber of  deaths. — 
1  '12% 

1802  3,111,472  85,460  4,029 

Total... 21,278,055  664,685  53,641 

Average   3,039,722  1/7    94,955  7,663 

♦  Figures  of  the  Medical  Faculty  of  the  University  of  Prague. 
Published  in  Papers  on  Vaccination  issued  by  the  London  Board 
of  Health,  1857. 

TABLE  5.— POPULATION,  TOTAL  DEATHS,   AND   DEATHS   BY 
SMALLPOX     DURING     TWENTY-FOUR     YEARS     SUBSE- 
QUENT  TO    INTRODUCTION    OF    VACCINATION 

IN  PRAGUE ♦ 

Deaths 

Year.      Population.      Total  No.  From  Smallpox. 

1832 3,888,828       139,061  807 

1833 121,679  533 

1834 3,945,875       122,171  285 

1835 122,952  337 

1836 124,015  291 

1837 4,027,581       141,982  104 

1838 108,419  62 

1839 121,400  128 

1840 4,145,715       118,471  699 

1841 116,575  697 

1842 124,019  339 

1843 4,285,730       142,876  332 

1844 113,184  150 

1845 178,826  62 

1846 4,480,661        132,379  59 

1847 134,490  9 

1848 141,409  115 

1849 4.613,080                  131,493  383 

1850 176,211  478 

1851 133,245  508 

1852 134,921  343 

1853 124,617  42 

1854 4.593.770                  124,746  68 

1855 124,764  64 

Total ....  33,985,240  3,153,905  6,895 

Average.      4,248,155  131,412 17/24      287  1/24 

•  The  proportion  of  the  total  number  of  deaths  to  population. 
1:32%.  The  deaths  from  smallpox  to  population,  1:14,741%. 
Deatjis  from  smallpox  to  total  number  of  deaths.  1 :457  % . 
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lowing  vaccination,  out  of  each  1,000,000  of  population 
the  smallpox  deaths  annually  averaged  158. 

During  the  seven  years  preceding  the  introduction  of 
vaccination  in  Prague,  smallpox  caused  one-twelfth  of 
the  total  number  of  deaths ;  during  the  twenty  years  fol- 
lowing the  introduction  of  vaccination,  smallpox  caused 
but  one  four-hundred-and-fifty-seventh  of  the  total  num- 
ber of  deaths. 

ARGUMENT    OF    OPPONENTS    OF    VACCINATION 

The  opponents  of  vaccination — and  they  have  been 
with  us  since  the  days  of  Jenner — admit  the  decline  in 
smallpox  referred  to,  but  deny  that  the  decrease  was  the 
result  of  vaccination.  They  declare  it  was  due  rather  to 
the  disco jitinuance  of  inoculation.  This  argument  was 
carefully  considered  by  the  British  Eoyal  Commission  on 
Vaccination.  There  can  be  no  question  that  smallpox 
prevailed  to  a  greater  extent  during  the  eighteenth  cen- 
tury than  during  any  period  of  which  we  have  records. 
We  must,  furthermore,  admit  that  the  practice  of  inocu- 
lation tended  to  diffuse  the  infection  of  smallpox,  inas- 
much as  inoculated  smallpox  was  contagious  and  could 
be  contracted  mucli  in  the  same  manner  as  natural 
smallpox.  The  effect  of  inoculation  was  really  twofold 
in  character:  It  tended,  on  the  one  hand,  to  lessen  the 
number  of  deaths  from  smallpox  by  producing  a  mild 
form  of  the  disease,  accompanied  by  mortality  varying 
between  0.3  per  cent,  and  2  per  cent.,  and  by  conferring 
protection  against  the  dangerous  natural  smallpox.  On 
the  other  hand,  it  tended  to  perpetuate  smallpox  in  the 
community  by  reason  of  the  fact  that  the  inoculated 
persons,  often  scarcely  ill,  disseminated  the  disease 
among  others.  The  lessening  of  the  death-rate  by  pro- 
tection from  natural  smallpox,  on  the  one  hand,  and  the 
tendency  to  diffuse  the  disease,  on  the  other  hand,  con- 
stitute two  opposing  influences  which  largely  neutralize 
each  other  as  far  as  the  aggregate  number  of  deaths 
from  smallpox  is  concerned. 

Unfortunately  for  the  contention  of  the  opponents  of 
vaccination,  the  increase  in  the  prevalence  of  and  mor- 
tality from  smallpox  during  the  eighteenth  century  was 
not  coincident  in  point  of  time  with  the  introduction 
and  extent  of  employment  of  inoculation. 

Inoculation  was  introduced  into  England  in  1721, 
but  comparatively  few  persons  were  inoculated  before 
1725.    As  is  admitted  by  the  two  dissenting  members  oT 
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the  Eoyal  Commission  on  Vaccination,  inoculation  Imd 
no  effect  on  the  mortality  from  smallpox  in  the  first 
quarter  of  the  century  (see  page  354,  Eeport  of  Dis- 
sentients, Sydenham  Publication).  Computation  dis- 
closes the  fact  that  from  1700  to  1725  the  average  yearly 
mortality  from  smallpox  in  London  was  1,752.  During 
the  last  quarter  of  the  century,  1775  to  1800,  when 
inoculation  was  much  in  vogue,  the  average  yearly  mor- 
tality was  1,817,  an  entirely  insignificant  increase.  In- 
deed, relative  to  the  population  the  smallpox  deaths 
were  actually  less  during  the  latter  period. 

It  has  been,  furthermore,  alleged  by  the  opponents  of 
vaccination  that  the  decline  in  the  prevalence  of  small- 
pox at  or  about  the  beginning  of  the  nineteenth  century 
was  the  result  of  improvement  in  sanitary  conditions. 
It  may  be  conceded  that  such  improvements  as  better 
drainage  and  sewerage,  freer  ventilation,  purer  water- 
supply,  lessened  crowding  in  dwellings,  and  the  like, 
would,  by  improving  the  average  individual  health,  tend 
to  lessen  the  fatality  of  all  infectious  diseases,  not  ex- 
cluding smallpox.  But  such  influences  are  totally  in- 
adequate to  explain  the  striking  and  progressive  decline 
in  the  prevalence  of  and  mortality  from  smallpox  that 
followed  the  introduction  of  vaccination. 

If  sanitary  improvements  were  responsible  for  the 
lessened  mortality  from  smallpox,  why  did  they  not 
similarly  influence  the  mortality  from  measles,  scarlet 
fever,  and  whooping-cough,  which  are  favored  by  the 
same  conditions  that  aid  the  dissemination  of  smallpox? 
Smallpox  and  measles  resemble  each  other  in  the  sense 
that  the  spread  of  both  diseases  is  not  dependent  on  any 
special  sanitary  defect.  Unlike  typhoid  fever  and 
cholera,  their  occurrence  is  influenced  by  personal  infec- 
tion rather  than  by  any  definite  vices  of  sanitation. 
Measles  and  smallpox  are  the  most  contagious  of  all 
diseases;  a  momentary  exposure  of  an  unprotected  per- 
son to  the  infection  of  smallpox  or  measles  suffices  for 
such  individual  to  contract  the  disease.  According  to 
the  Eegistrar-General's  Eeports,  during  the  same  period 
in  England  that  smallpox  mortality  has  declined  72 
per  cent.,  the  mortality  from  measles  has  fallen  only  9 
per  cent.  Furthermore,  the  death-rate  from  whooping- 
cough  has  declined  but  a  little  more  than  1  per  cent,  (at 
present  whooping-cough  is  the  most  fatal  of  all  diseases 
in  children  under  two  years  of  age),  and  the  diminution 
in  the  mortality  of  scarlet  fever  has  become  apparent 
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TABLE    6.— DEATHS    FROM    SMALLPOX    IN    LONDON 


Year. 

1629. 
1630. 
1631. 
1632. 
1633. 


Smallpox 
Deaths. 


72 

40 

58 

531 

72 

1634 1,354 

1635 293 

1636* 127 

1647 139 

1648 401 

1649 1,190 

1650 184 

1651 525 

1652 1,279 

1653 139 

1654 832 

1655 1,294 

1656 823 

1657 835 

1658 409 

1659 1,523 

1660 354 

1661 1.246 

1662 768 

1663 411 

1664 1,233 

1665 655 

1666 38 

1667 1.196 

1668 1.987 

1669 ^  951 

1670 l»46o 


1661-70 


1671 
1672 
1673 
1674 
1675 
1676 
1677 
1678 
1679 
1680 


9,950 


696 

,116 

853 

,507 

997 

359 

,678 

,798 

,967 

689 


1671-80 


12,660 


1681 2,982 

1682 1.408 

1683 2,096 

1684 1.560 

1685t 2,496 

1686. 1.062 

1687 1.5ol 

1688 1.318 

1689 1.389 

1690 778 


1681-90 


16,640 


1691 1.241 

1692 1,592 

1693 1.164 

1694 1,683 

1695 7a4 

1696 196 

1697 634 


Smallpox 
Year.  Deaths. 

1698 1,813 

1699 890 

1700 1,031 


1691-1700 


11,028 


1701 1,099 

1702 311 

1703 398 

1704 1,501 

1705 1,095 

1706 721 

1707 1,078 

1708 1,687 

1709 1,024 

1710 3,138 


1701-10 


12,052 


1711 9ir 

1712 1,943 

1713 * 1,614 

1714 2,810 

1715 1,057 

1716 2,427 

1717 2,211 

1718 1,884 

1719 3,229 

1720 1,442 


1711-20 


19,532 


1721 2,375 

1722 2,167 

1723 3,271 

1724 1,227 

172.'. 3,188 

1726 1,569 

1727 2,379 

1728 2,105 

1729 2,849 

1730 1,914 


1721-30 


23,044 


1731 2,640 

1732 1,197 

n:VA 1,370 

1734 2.688 

1735 1,594 

1736 3,014 

1737 2,084 

1738 1,590 

1739 1,690 

1740 2,725 


1731-40 


20,592 


1741 1,977 

1742 1,429 

1743 2,029 

1744 1,633 

1745 1,206 

1746 3,236 

1747 1,380 

1748 1,789 

1749 2,625 

1750t 1,229 


1741-60 


18,533 
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TABLE  6.— CONTINUED 


Smallpox 
Year.  Deaths. 

1761 098 

1762 8,688 

1758 774 

1764 ;..  2,859 

1765 1,988 

1756 1,608 

1757 3,296 

1758 1,278 


Smallpox 
Year.  Deaths. 

1777 2»667 

1778 1,425 

1779 2,498 

1780 


871 


1771-80 


1769. 
1760. 


1751-60 


.  2,596 
.   2,181 

20,611 


1781 

1782, 

1783. 

1784. 

1785, 


20,928 

.  3,500 
686 
.  1,650 
.  1,769 
.  1,999 


1761 1,525 

1762 2,743 

1763 3,582 

1764 2,382 


1786 1,210 


1787, 
1788, 
1789 
1790, 


1765 

1766, 

1767, 

1768 

1769, 

1770. 


1761-70 


.  2,498 
.  2,334 
.  2,188 
.  3,028 
.  1,968 
.   1,986 

24,234 


1781-90 


.  2,418 
.  1,101 
.  2,077 
.  1,617 

17,867 


1771 1,660 

1772 3,992 

1773 1,039 

1774 2,479 

1775 2,669 

1776 1,728 


1791 N 1,747 

1792 •. 1,568 

1793 2,382 

1794 1,913 

1795 1,040 

1796 3,548 

1797 522 

1798 2,237 

1799 1,111 

1800§ 2,409 


1791-1800  18,477 

*  The  records  of  smallpox  deaths  from  1636  to  1647  have  been  lost, 
but  it  is  known  that  in  1641  an  extensive  epidemic  of  the  disease 
prevailed. 

t  Population  within  the  Bills  of  Mortality  estimated  to  be  in 
1685,  530,000. 

t  Population  in  1750  estimated  to  be  653,900. 

i  Population  of  London,  determined  by  census,  in  1801  was 
746,233. 

TABLE    7.— DEATHS    PER    10,000    MEN* 


Prussian  Army 
Cause. 

Smallpox    5.8 

Dysentery    32.3 

Typhoid    118.8 


French     Garrison  .  of     Lan^res 
Cause. 

Smallpox     222  6 

Dysentery    lo.'s 

Typhoid    80.6 


•  Table  taken  from  Lotz :  Pocken  und  Vaccination,  Basel,  1880 ; 
presented  in  evidence  before  the  Royal  Commission  on  Vaccination. 

only  within  comparatively  recent  years.  Again  the  im- 
provement in  sanitation  and  mode  of  living  has  only 
caused  a  reduction  of  the  general  death-rate  of  the  coun- 
try (England)  of  9  per  cent. 

The  lack  of  parallelism  between  the  incidence  and 
mortality  of  smallpox  and  of  other  diseases  due  to  bad 
sanitation  is  illustrated  in  the  comparison  of  the  Prus- 
sian and  French  troops  in  the  Franco-Prussian  war  con- 
tained in  Table  7. 
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The  Prussian  army  was  greatly  exposed  to  smallpox 
as  a  large  part  of  it  waa  invading  France,  where  this 
disease  was  raging.  It  was  known  that  vaccination  was 
much  more  thoroughly  carried  out  in  the  Prussian  than 
in  the  French  army. 

Another  noteworthy  fact  must  not  be  forgotten, 
namely,  that  the  decline  in  the  death-rate  from  small- 
pox has  been  entirely  limited  to  persons  below  the  age 
of  fifteen.  It  is  evident,  therefore,  that  the  lives  of  an 
enormous  number  of  children  have  been  saved.  It  is 
most  illogical  to  attempt  to  explain  such  an  inequality 
in  the  decline  of  smallpox  mortality  on  the  grounds  of 
improved  sanitation.  The  percentage  of  mortality  borne 
by  children  who  are  the  subjects  of  measles,  scarlet  fever, 
and  whooping-cough  does  not  differ  materially  from 
what  it  was  a  century  ago. 

The  true  explanation  of  the  decline  of  smallpox  mor- 
tality in  children  is  that  successfully  vaccinated  infants 
are  almost  completely  protected  against  smallpox 
throughout  the  first  decade  of  their  lives.  After  this 
period,  the  vaccinal  protection  commonly  begins  to  wane. 

The  decline  in  smallpox  was  manifest  in  all  countries 
where  vaccination  was  extensively  practiced,  no  matter 
what  the  status  of  sanitation  was.  The  case  of  Glasgow 
is  a  good  example :  The  population  of  Glasgow  in  1831 
was  almost  five  times  what  it  was  in  1780.  There  was 
overcrowding  in  tenement  houses,  lack  of  isolation  in 
hospitals  and  absence  of  disinfection:  the  general  sani- 
tary condition  was  considered  to  be  worse  than  that  of 
any  large  town  in  England.  Yet  with  an  increasing 
population,  with  sanitation  growing  worse,  with  measles 
and  whooping-cough  deaths  multiplying,  the  mortality 
from  smallpox  was  lessened  80  per  cent.,  with  nothing 
to  account  for  the  reduction  save  vaccination.^® 

ISOLATION  PROPOSED  AS  A  SUBSTITUTE  FOR  VACCINATION 

The  isolation  of  smallpox  patients  and  general  sani- 
tary measures  are  urged  by  the  antivaccinationists  as 
substitutes  for  vaccination.  The  isolation  of  patients 
suffering  from  transmissible  diseases  of  any  kind  is  rec- 
ognized by  all  sanitarians  as  a  most  important  proce- 
dure. But  to  disregard  vaccination  and  rely  on  isola- 
tion to  combat  an  extensive  epidemic  of  smallpox  would 

10.  Jenner  Number  of  Public  Health,  1896. 
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be  an  act  of  folly  which  would  not  be  long  tolerated  by 
any  intelligent  community. 

Anyone  with  practical  knowledge  of  smallpox  knows 
that  smallpox  is  often  not  recognized  until  many  per- 
sons have  been  exposed  to  infection.  Mild  casea  of 
smallpox  commonly  escape  detection  while  the  patient  is 
abroad  in  the  community.  Moreover,  it  is  impossible  to 
diagnose  smallpox  before  the  eruption  appears;  during 
the  several  days  preceding  the  outbreak  of  the  eruption 
those  persons  in  contact  with  the  patient  may  receive  the 
infection  of  the  disease. 

In  regard  to  isolation,  the  Royal  Commission  on  Vac- 
cination says :  ^We  can  see  nothing  to  warrant  the  con- 
clusion that  in  this  country  vaccination  might  be  safely 
abandoned  and  replaced  by  a  system  of  isolation."  The 
commission,  of  course,  favored  isolation  as  an  auxiliary 
to  vaccination. 

Dr.  Wemer^^  refers  to  attempts  to  suppress  smallpox 
by  isolation  in  Germany  before  1834. 

Isolation  was  most  rigidly  enforced;  the  patients  were  re- 
moved to  smallpox  stations  and  special  houses;  even  seals  were 
placed  on  the  door  of  the  patients'  rooms.  The  patients' 
clothes  were  disinfected  or  burnt,  and  themselves  and  their  at- 
tendants kept  under  watch  and  ward.  All  to  no  purpose — the 
pest  found  a  way  through  the  closed  doors  till  suppressed  by 
vaccination  without  the  cooperation  of  sanitary  measures. 

SMALLPOX  IN  THE  VACCINATED  AND  UNVACCINATED 

It  is  not  claimed  at  the  present  day  that  a  single  vac 
cination  will  invariably  protect  against  smallpox  for 
life.  In  the  endeavor  of  the  opponents  of  vaccination  to 
prove  that  vaccination  does  not  protect  against  smallpox, 
statistics  are  frequently  cited  to  show  that  a  large  num- 
ber of  vaccinated  persons  contract  the  disease.  This  is 
an  argument  on  which  the  antivaccinationists  are  prone 
to  lay  great  stress.  The  argument,  however,  is  specious 
and  merely  demonstrates  that  a  single  vaccination  does 
not,  as  a  rule,  confer  life-long  protection  against  small- 
pox. If  provision  is  not  made  for  the  renewal  of  pro- 
tection by  revaccination  at  a  later  period,  the  subjects 
are  only  in  a  measure  secured  against  smallpox.  Eng- 
land and  other  countries  have  had  for  many  years  a 
compulsory  vaccination  law,  but  it  has  had  reference 
only  to  vaccination  in  infancy.     It  has  resulted  in  an 

11.  Werner:  Deutsch.  med.  Wchnscbr.,  May  14,  1896. 
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enormous  saving  of  child  life,  but  it  has  failed  to  pro- 
vide for  the  protection  of  adults  after  the  vaccinal  im- 
munity has  died  out. 

Germany  is  the  only  one  of  the  great  countries  of  the 
world  that  has  had  experience  for  a  sufficient  period  of 
time  with  a  compulsory  vaccination  and  revaccination 
law  properly  enforced,  and  Germany  has  been  for  thirty- 
five  years  free  of  epidemics  of  smallpox,  although  the 
contiguous  countries  have  suffered  from  epidemics  of 
this  disease. 

THE  CLAIMS  FOR  VACCINATION 

It  is  easy  to  comprehend  why  a  single  vaccination  may 
not  be  relied  on  for  perpetual  protection  against  small- 
pox. Smallpox  itself  is,  in  rare  instances,  followed  by 
another  attack  later  in  life.  Now  if  one  attack  of  small- 
pox does  not  invariably  protect  against  a  second,  how 
could  we  expect  vaccination,  which  in  reality  represents 
a  benign,  non-contagious  and  attenuated  smallpox,  to 
accomplish  this  desired  end  ? 

1.  A  successful  vaccination  protects  the  subject  against 
smallpox  for  a  period  of  time  not  mathematically  deter- 
minable for  the  individual,  but  which  averages  seven  to 
ten  years. 

2.  The  protection  may  be  renewed  by  a  second  vaccin- 
ation when  the  vaccinal  immunity  is  exhausted.  The 
revaccination  restores  the  protection  which  lapse  of  time 
has  diminished  or  abrogated. 

3.  Persons  successfully  vaccinated  on  two  occasions 
are  usually  immune  against  smallpox  for  life.  There  are 
exceptional  instances,  however,  of  unusually  susceptible 
individuals  in  whom  a  third  or  fourth  vaccination  is  re- 
quired. These  exceptions  are  comparable  with  those 
rare  cases  in  which  a  person  is  susceptible  to  a  second  or 
third  attack  of  smallpox. 

4.  Persons  vaccinated  in  infancy,  who  at  some  later 
period  of  life  contract  smallpox,  have  in  the  aggregate 
less  severe  and  less  frequently  fatal  attaclcs  than  unvac- 
cinated  persons.  The  degree  of  favorable  modification 
of  the  smallpox  is  in  inverse  proportion  to  the  period  of 
time  elapsing  between  vaccination  and  the  attack  of 
smallpox.  The  statistics  as  to  the  mortality  of  smallpox 
in  the  vaccinated  and  the  unvaccinated  are  later  set 
forth. 
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5.  The  beneficent  effects  of  vaccination  are  most  pro- 
nounced in  those  in  whom  the  vaccine  aflEection  has  run 
its  most  typical  and  perfect  course,  and  who  bear  the 
best  quality  of  vaccinal  scars  as  attestation  of  the  same. 
The  mere  production  of  a  "sore  arm"  does  not  neces- 
sarily imply  that  the  individual  has  been  successfully 
vaccinated. 

STATISTICS  OF  SMALLPOX  IN  THE  VACCINATED  AND  THE 

UNVACCINATED 

The  experience  of  one  hundred  years  offers  absolutely 
conclusive  proof  of  a  most  pronounced  difference  in  the 
mortality  from  smallpox  in  the  vaccinated  and  the 
unvaccinated.  Variations  in  the  severity  of  different 
epidemics  occur,  but  the  comparison  of  the  death-rate 
in  the  two  classes  always  yields  the  same  result. 

TABLE    8.— DEATH-RATE    FROM    SMALLPOX    AMONG    VACCI- 
NATED AND  UNVACCINATED  IN  VARIOUS  COUNTRIES* 

Death    Rate    per    100 

Cases.  

Total  No.  Among  Among 
of  Cases  the  Unvac-  the  Vac- 
Places  and  Time  of  Observation.     Observed.  cinated.  cinated. 

France,  1816-1841    16,397  16.125  1 

Quebec,   1819-1820    ?  27  1.66 

Philadelphia,  1825    140  60  0 

Canton  Vaud,    1825-1829    5,838  24  2.16 

Verona,   1828-1829    909  46.66  5.66 

Milan,   1830-1851    10,240  38.33  7.66 

Breslau,    1831-1833    220  53.8  2.11 

Wflrttemberg,  1831-1835    1,442  27.33  7.1 

Carnlola,  1834-1835    442  16.25  4.4 

Vienna   Hospital,    1834 360  51.25  12.5 

Carinthla,   1834-1835    1,626  14.5  0.5 

Adriatic,  1835 1,002  15.2  2.8 

Lower  Austria,  1835 2,287  25.8  11.5 

Bohemia,  1835-1855 15,640  29.8  5.16 

Galicia,  1836   1,059  23.5  5.14 

Dalmatla,  1836   723  19.66  8.25 

London    Smallpox    Hospital,    1836- 

1856 9,000  35  7 

Vienna  Hospital,  1837-1856 6,213  30  5 

Kiel,  1852-1853   218  32  6 

Wflrttemberg    (no  date) 6,258  38.9  S^ 

Malta    (no   date) 7,570  21.07  4.2 

Epidemiological      Society      Returns 

(no   date)     4.624  23  2.9 

•  Extract  from  papers  prepared  in  1857  by  Sir  John  Simon, 
Medical  Officer  of  the  General  Board  of  Health  of  England,  and  at 
that  time  laid  before  Parliament  with  reference  to  the  History 
and  Practice  of  Vaccination.  Published  in  first  Report  of  the  Royal 
Commission  on  Vaccination,  1889,  Appendix  1,  p.  74. 

The  figures  cited  in  Table  8  show  that  among  thou- 
sands of  eases  of  smallpox  occurring  in  cities  all  over  the 
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world  the  death-rate  from  smallpox  has  been  from  five 
to  sixteen  times  greater  among  the  unvaccinated  than 
among  the  vaccinated. 

In  an  epidemic  of  smallpox  in  Marseilles,  in  1828,  the 
unvaccinated  had  a  mortality  of  25  per  cent.,  as  com- 
pared with  0.5  per  cent,  among  the  vaccinated. 

The  British  Eoyal  Commission  on  Vaccination  pre- 
sents the  following  statistics  of  six  recent  epidemics — in 
Dewsberry,  1891-92;  Warrington,  1892-93;  Leicester, 
1892-93:  London,  1892-93;  Gloucester,  1892-93,  and 
Sheffield.  A  grand  total  of  11,065  attacks  is  collected. 
This  number  resulted  in  1,283  deaths,  or  11.5  per  cent., 
divided  as  shown  in  Table  9. 

TABLE     9.— DEATHS     AMONG     VACCINATED     AND     UNVAC- 
CINATED   IN    SIX    RECENT    EPIDEMICS 

Vaccinated.     Unvaccinated. 

Cases    8,744  2,321 

Deaths 461  822 

Per  cent    5.2  35.4 

The  death-rate  is  therefore  seven  times  greater  among 
the  unvaccinated  than  among  the  vaccinated. 

THE  RESULTS  OF  VACCINATION  IN  GERMANY 

The  relative  immunity  from  smallpox  mortality  in  the 
German  army  in  1871,  as  compared  with  that  of  the 
French  army  and  of  the  civil  population  of  Germany, 
led  the  German  government  to  pass,  in  April,  1874,  a 
general  compulsory  vaccination  and  revaccination  law. 
The  law  requires  the  vaccination  of  all  infants  before  the 
expiration  of  the  first  year  of  life,  with  revaccination  at 
the  age  of  13. 

Since  the  law  of  1874  went  into  effect  in  Germany 
there  have  been  no  epidemics  of  smallpox  in  that 
country.  The  smallpox  is  frequently  introduced  by  for- 
eigners, particularly  on  the  frontier,  but  the  disease  can 
find  no  foothold.  In  1899  there  occurred  in  the  German 
empire,  among  54,000,000  people,  only  28  deaths  from 
smallpox;  these  occurred  in  twenty-one  different  dis- 
tricts, the  largest  number  in  any  one  district  being  three. 
Not  a  death  from  smallpox  occurred  in  a  large  town. 

In  1897  there  were  but  five  deaths  from  smallpox  in 
the  entire  German  empire  (54,000,000  population). 

Furthermore,  for  a  period  of  thirteen  years,  in  a  pop- 
ulation comprising  two-fifths  of  the  total  inhabitants  of 
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Germany,  there  were  only  five  instances  of  death  from 
smallpox  in  successfully  revaccinated  persons. 

Germany  has  taught  the  world  how  to  utilize  Jenner^s 
great  discovery  so  as  to  exterminate  epidemics  of 
smallpox. 

The  German  Vaccination  Committee  of  1884,  refer- 
ring to  the  influence  of  the  compulsory  vaccination  law, 
said: 

The  remarkable  and  persistent  decline  in  Prussia  since  1875 
can  be  due  only  to  the  vaccination  law  of  1874,  because  all 
other  conditions  remain  the  same  in  the  two  other  countries 
(i.  e.,  Austria  and  Germany).  The  only  difference  is  that  in 
Prussia  the  revaccination  of  all  school-children  at  the  age  of 
12  years  was  made  compulsory  in  1874. 

THE  RESULTS  OF  VACCINATION  REQUIREMENTS  IN 

VARIOUS   COUNTRIES 

The  Board  of  Health  of  Berlin  has  prepared  tables 
comparing  the  number  of  deaths  from  smallpox  occur- 

TABLE  11. — THE  FREQUENCY  OP  SMALLPOX  IN  EUROPEAN 
STATES  BETWEEN  1893-1897  INCLUSIVE  (FIVE  YEARS) 

Average 
Yearly 
Mortality       Actual 
in  Every       Number 
Million       Smallpox 
Country.  Population.    Population.    Deaths.      Year. 

Germany    52,042,282  1.1  287  5 

Denmark    793,356  0.5  2  5 

Sweden    4,894,790  2.1  41  4 

Norway    2,045,900  0.6  5  4 

England   and   Wales 30,389,524  20.2  3,066  5 

Scotland    4,155,886  12.3  256  5 

Ireland    4,580,555  9.9  226  5 

Switzerland    3,032,901  5.1  78  5 

Netherlands     4,797,249  38.7  929  5 

Belgium   .' 6,419,498  99.9  3,208  5 

French   States    8,253,079  90.2  3,721  5 

Russian  Empire,  including 

Asiatic  Russia    118,950,400  463.2  275,502  5 

Austria    23.000,000  99.1  11,799  5 

Italy 31,007,422  72.7  11,278  5 

Spain    10,596,649  563.4  23,881  4 

Hungary    18,234,916  134.3  12,241  5 

ring  between  the  years  1886  and  1889  in  countries  hav- 
ing compulsory  vaccination  and  those  without  such  pro- 
vision. 

But  a  glance  is  necessary  to  show  the  striking  differ- 
ence between  the  number  of  deaths  in  those  countries 
having  compulsory  vaccination  and  those  in  which  there 
is  no  such  measure.  The  average  deaths  per  million  in 
the  compulsory  vaccination  countries  is  eighty  times  less 
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than  in  the  others.  Furthermore,  England  is  the  least 
vaccinated  of  the  compulsory  countries  and  her  death- 
rate  is  the  highest  among  these. 

The  Imperial  Board  of  Health  of  the  German  Empire 
gives  the  frequency  of  smallpox  in  various  European 
countries  between  1893  and  1897,  inclusive,  a  period  of 
five  years. 

Here,  again,  the  countries  which  during  this  period 
have  the  most  stringent  vaccination  laws  suffer  the  least 
smallpox,  namely,  Germany,  Denmark,  Sweden  and 
Norway. 

In  well-vaccinated  Germany,  but  one  person  a  year  in 
every  million  of  population  died  of  smallpox. 

In  England  and  Wales,  where  vaccination  is  generally 
but  not  universally  practiced,  20  persona  per  million 
died  of  smallpox  each  year. 

It  is,  indeed,  quite  possible  to  know  to  what  extent 
vaccination  is  practiced  in  the  various  countries  by 
noting  the  mortality  from  smallpox. 

The  tables  teach  another  lesson,  namely,  that  without 
vaccination  smallpox  is  still  to  be  regarded  as  a  dread 
scourge — as  a  great  destroyer  of  human  life.  For  in 
the  five  years  from  1893  to  1897,  in  the  sixteen  countries 
mentioned,  346,520  lives  were  sacrificed  to  smallpox;  of 
this  number  Eussia  lost  275,502.  These  figures  are  the 
more  terrible  when  it  is  recognized  that  these  lives  might 
have  been  saved  by  the  application  of  a  prophylactic 
measure  within  the  reach  of  all. 

Thorough  vaccination  has  practically  banished  small- 
pox from  the  huge  German  army.    Kiibler^^  says : 

On  only  two  occasions  since  the  year  1874  (in  1884-85  and 
in  1889)  has  a  death  from  smallpox  occurred  in  the  Prussian 
Army,  and  the  first  of  these  was  in  the  person  of  a  reservist 
who  seven  years  before  had  been  twice  unsuccessfully  vac- 
cinated. 

VACCINATION  IN  THE  PHILIPPINE  ISLANDS 

Of  particular  interest  is  the  recent  achievement  of  the 
United  States  sanitary  authorities  in  stamping  out  small- 
pox in  the  Philippine  Islands.  In  1905  and  1906  the 
enormous  number  of  3,094,635  vaccinations  were  per- 
formed. Dr.  Victor  G.  Heiser,  Director  of  Health  of 
the  Islands,  in  the  Eeport  of  the  Bureau  of  Health 
(June  30,  1907),  states: 

12.  Kilbler :  Geschichte  der  Pocken  und  der  Impf  ung,  1901,  p.  383. 
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In  the  provinces  of  Cavite,  Batangas,  Cebu,  Bataan,  La 
Union,  Kizal  and  La  Laguna,  where  heretofore  there  have  been 
more  than  6,000  deaths  annually  from  smallpox,  it  is  satisfac- 
tory to  report,  since  the  completion  of  vaccination  in  the  afore- 
said provinces  more  than  a  year  ago,  not  a  single  death  from 
smallpox  has  been  reported. 

SMALLPOX  EVEE  PRESENT  IN  PERSIA  BECAUSE  OF  NEGLECT 

OF  VACCINATION 

A  letter  received  by  the  Marquis  of  Salisbury  from 
Dr.  T.  F.  Odiing,  Medical  Officer  to  the  Indian  Govern- 
ment Telegraphs,  dated  from  Teheran,  May  14,  1891, 
reads  in  part  as  follows  :^^ 

Vaccination  is  not  compulsory  in  Persia  and,  except  amongst 
the  better  class  of  people  in  large  towns,  it  is  not  generally  car- 
ried out ;  inoculation  is  still  to  a  large  extent  the  custom  in  the 
districts.  .  .  .  Smallpox  is  endemic  and  the  large  ma- 
jority of  children  suffer  from  this  disease  at  an  early  age.  The 
deaths  caused  by  smallpox  are  considerable,  and  the  permanent 
injury  in  addition  to  the  disfigurement  caused  by  pitting  in- 
flicted on  those  who  recover  is  very  great,  the  loss  of  one  eye 
or  serious  defect  of  vision  being  the  most  common. 

TERRIBLE  SLAUGHTER  OF  GUATEMALAN  INDIANS  BY 

SMALLPOX  IN   1890 

The  decimating  effects  of  smallpox  in  communities 
where  vaccination  is  neglected  may  be  further  exempli- 
fied by  reference  to  an  epidemic  in  Guatemala  in 
1890-91.  In  an  official' dispatch,  dated  March  14,  1891, 
of  Mr.  Audley  Gosling  to  the  Marquis  of  Salisbury,  the 
following  is  stated:^* 

I  regret  that  the  epidemic  of  smallpox  which  has  raged  here 
during  the  past  fifteen  months  is  still  swelling  the  death-rate 
of  this  republic. 

It  is  computed  that  since  the  first  of  January,  1890,  no  less 
than  112,000  deaths  have  occurred  from  this  terrible  scourge. 
The  epidemic  has  been  chiefly  confined  to  the  Indian  popula- 
tion.        ... 

Mr.  Gosling  encloses  a  letter  from  Dr.  Q.  H.  Arton, 
practicing  in  Guatemala,  who  writes : 

The  natives  have  a  strong  prejudice  to  vaccination,  simply 
because  it  involves  the  use  of  a  lancet  or  other  instrument, 
and  not  from  any  dread  of  the  process  per  se.  ...  So  pig- 
headed are  they,  however,  that  although  they  have  proofs  given 

13.  Extract  from  evidence  presented  before  the  Royal  Commission 
on  Vaccination,  Appendix  No.  15,  p.  756. 

14.  Extract  from  evidence  presented  before  the  Royal  Commission 
on  Vaccination,  Appendix  No.  15,  p.  765. 
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them  of  the  power  to  stop  the  epidemic  in  villages  in  which  it 
is  rampant,  yet  they  will  sooner  attribute  any  cessation  of  the 
disease  to  the  procession  of  some  saint,  and  this  belief  is  kept 
up  by  their  so-called  spiritual  guides,  who  are  in  many  cases 
equally  ignorant  with  their  flocks. 

IMMUNITY    OF    VACCINATED    PHYSICIANS,    NURSES    AND 
ATTENDANTS    IN    SMALLPOX    HOSPITALS 

If  it  can  be  demonstrated  that  physicians,  nurses  and 
attendants  in  smallpox  hospitals  can  be  perfectly  pro- 
tected by  vaccination,  then  this  must  be  regarded  as  a 
crucial  test  of  its  protective  influence;  for  if  these  per- 
sons, living  in  the  same  atmosphere  with  scores  or  hun- 
dreds of  smallpox  patients,  breathing  their  very  exhala- 
tions, are  enabled  to  escape  the  infection,  it  certainly 
should  be  possible  for  others  much  less  exposed  to  ac- 
quire similar  immunity. 

Experience  shows  that  physicians,  nurses  and  attend- 
ants, if  recently  successfully  vaccinated  or  revaccinated, 
may  live  in  smallpox  hospitals  in  perfect  safety.  Dr. 
Marson,  physician  to  the  Smallpox  Hospital  of  London 
for  many  years,  giving  evidence  in  1871,  stated  that 
during  the  preceding  thirty-five  years  no  nurse  or  serv- 
ant at  the  hospital  had  been  attacked  with  smallpox.  Dr. 
Marson  took  the  precaution  of  revaccinating  all  attend- 
ants before  permitting  them  to  go  on  duty.  Dr.  Collie, 
whose  experience  is  also  large,  says:  "During  the  epi- 
demic of  1871,  out  of  one  hundred  smallpox  attendants 
at  Homerton  (England)  all  but' two  were  revaccinated, 
and  these  two  took  smallpox.**  Dr.  T.  F.  Ricketts, 
medical  superintendent  of  the  smallpox  hospital  ships 
on  the  Thames,  states  that  out  of  1,201  persons  in  at- 
tendance on  board  the  smallpox  ships,  only  six  con- 
tracted the  disease,  all  of  them  recovering.  None  of 
these  six  persons  had  been  successfully  revaccinated  be- 
fore going  on  duty.  According  to  Dr.  Hill,  of  Birming- 
ham (England),  during  the  epidemic  of  1893,  over  one 
hundred  persons  were  employed  at  the  City  Smallpox 
Hospital,  all  of  whom  had  been  recently  revaccinated; 
not  one  of  them  contracted  smallpox. 

Dr.  William  M.  Welch,  of  Philadelphia,  states  that  in 
the  Municipal  Hospital  of  Philadelphia  during  a  period 
of  thirty-four  years,  in  which  time  almost  10,000  cases 
of  smallpox  were  treated,  there  was  no  instance  of  a 
physician,  nurse  or  attendant  who  had  been  successfully 
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Fig.  1.— Two  children  in  (be  Municipal  Hospital  ol  rhlladelpblB 
In  1003,  one  unvncclnnteU  and  tbe  oilier  vaccinated  on  tlie  day  of 
admlflalon :  the  crnat  la  still  a*en  on  the  IcK.  This  child  remained 
Id  the  hOBpUal  with  Its  mother,  who  was  snEerlDE  from  Bmallpox 
(or  three  weeks  and  was  dlscbargpd  perfectly  welt.  Tlie  nnvBC- 
dnated  child,  admitted  wllli  small|joi.  died.  (From  "Acute  Coo- 
tagloua  Diseases."  ^Veiih  and  S('hnml>i'rg.} 


vaccinated  or  revaccinated  prior  to  going  on  duty  c 
trecting  the  disease. 


During  this  period  over  3,500  cases  of  smallpox  were 
received  at  the  hospital.  Not  one  patient,  recently  suc- 
ceBsfully  vaccinated,  was  admitted  to  the  hospital  with 
smallpox.  During  the  period  of  the  outbreak  of  small- 
pox in  Philadelphia,  it  is  estimated  that  about  500,000 


persons  were  vaccinated^ — approximately  a  third  of  the 
population.  If  vaccination  confers  no  protection  against 
smallpox,  it  is  reasonable  to  suppose  that  some  of  these 
persons  would  have  contracted  the  disease  and  been 
brought  to  the  hospital.  (About  80  per  cent,  of  all  the 
cases  in  the  city  were  sent  to  the  hospital.)  But  no 
such  patient  could  be  found  among  over  3,500  admis- 
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In  order  to  provide  accommodations  in  the  Municipal 
Hospital  for  the  unusually  large  number  of  cases  of 
amallpoXj  which  was  rapidly  increasing,  it  was  necessary 
to  erect  additional  buildings  as  well  as  enlarge  those 
already  in  use.  On  this  work  from  fifty  to  sisty  men 
were  employed,  and,  as  they  were  required  to  come  con- 
stantly into  close  proximity  to  the  patients,  they  were 
all  requested  to  come  to  the  administration  building  and 
be  vaccinated.  This  request  was  complied  with  by  all 
except  two,  and  these  two  took  the  smallpox.  They 
were  the  only  ones  that  were  stricken  by  the  disease. 


Pie.  5.- 
Mrjlate] 


Later  it  was  found  necessary  to  enlarge  some  of  the 
buildings  still  further,  and  other  workmen  were  em- 
ployed. Two  of  them,  for  some  reason  which  was  never 
learned,  neglected  to  get  vaccinated  before  commencing 
the  work,  and  they  both  took  the  smallpox. 

The  medical  schools  of  Philadelphia  had  the  privilege 
of  sending  their  more  advanced  students  to  the  Munici- 
pal Hospital  for  clinical  instruction  in  the  various  con- 
tagious and  infectious  diseases  therein  treated.  From 
1901  to  1904  between  900  and  1,000  students  visited  the 
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smallpox  pavilions  and  spent  one  or  two  hours  among 
scores  of  virulent  smallpox  eases.  One  of  the  require- 
ments was  that  each  student  had  to  show  evidence  of 
protection,  either  by  having  been  recently  successfully 
vaccinated  or  by  not  responding  to  vaccination  after  two 
or  three  careful  trials.  Of  the  entire  number  but  one 
contracted  smallpox,  and  it  was  subsequently  found  that 
not  only  had  he  never  been  successfully  vaccinated,  but 
that  he  came  from  an  antivaccination  family  and  was 
opposed  to  this  prophylactic  measure. 

During  the  epidemic  of  1901-1904  about  200  persons, 
including  physicians,  nurses,  ward-maids,  cooks,  laun- 
dresses, and  the  like,  were  employed  in  the  smallpox 
department,  and  not  one  contracted  the  disease;  all,  of 
course,  had  been  vaccinated  or  revaccinated  before  going 
on  dutjr. 

Dr.  William  M.  Welch,  of  Philadelphia,  says:  "In 
every  epidemic  of  smallpox  that  has  occurred  in 
Philadelphia  within  the  past  thirty  years,  instances  have 
been  observed  of  whole  families  being  removed  to  the 
hospital  because  of  an  outbreak  of  the  disease  in  these 
families.  In  such  instances  the  unvaecinated  children 
have  suffered  and  often  perished,  while  those  who  were 
vaccinated  remained  perfectly  exempt,  although  living, 
eating  and  sleeping  in  the  infected  atmosphere  for  sev- 
eral weeks.  But  I  have  yet  to  see  unvaecinated  children 
escape  the  disease  under  similar  conditions  of  exposure. 
Furthermore,  I  have  more  than  once  seen  a  vaccinated 
infant  take  the  daily  supply  of  nourishment  from  the 
breast  of  its  mother  who  was  suffering  from  smallpox, 
and  the  infant  continue  as  free  from  smallpox  as  if  the 
disease  were  one  hundred  miles  away  and  the  food  de- 
rived from  the  most  wholesome  source.  This  is  evidence 
of  the  prophylactic  power  of  vaccination  that  does  not 
appear  in  mortality  reports  nor  in  statistical  records.^^^'^ 

PHYSICIANS  AND  NURSES  NOT  PROTECTED  AGAINST  OTHER 

CONTAGIOUS  DISEASES 

Physicians  and  nurses  do  not  exhibit  immunity  toward 
other  contagious  diseases  as  they  do  with  respect  to 
smallpox.  According  to  Ernest  Hart,  in  1893,  of  2,484 
persons  employed  in  the  Metropolitan  Fever  Hospital  of 
London,  130  became  infected  and  2  died.    Four  assistant 

15.  Welch  and  Schamberg:     Acute  Contagious  Diseases,  Philadel- 
phia, 1905. 
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medical  officers,  10  nurses,  43  assistant  nurses,  and  16 
maid  servants  were  attacked  by  scarlet  fever.  Two 
assistant  medical  officers,  6  nurses,  and  15  assistant 
nurses  contracted  diphtheria. 

While  the  deaths  from  smallpox  of  physicians  (who 
constitute  a  class  particularly  well  vaccinated)  are  but 
13  per  million,  in  England,  the  deaths  of  the  general 
population  are  73  per  million.  In  scarlet  fever,  on  the 
other  hand,  against  which  physicians  have  no  special 
protection,  the  figures  are  reversed :  59  medical  men  per 
million  die  of  scarlet  fever,  as  against  16  per  million  of 
the  general  population. 

ALLEGED  DANGERS  OF  VACCINATION 

Every  human  act  is  accompanied  by  some  measure  of 
danger.  When  one  rides  in  an  elevator,  in  a  railroad 
car,  or  even  promenades  on  the  sidewalk,  he  takes  a  cer- 
tain definite  risk  which  can  be  mathematically  calculated. 
WTiile  in  the  aggregate  the  number  of  accidents  and 
deaths  from  each  of  these  causes  may  be  considerable, 
yet  the  individual  risk  is  so  small  that  it  may  be  disre- 
garded.   It  is  the  same  with  reference  to  vaccination. 

Inasmuch  as  vaccination  necessitates  the  production  of 
an  abrasion  or  wound,  it  is  naturallv  liable  to  infections 
to  which  wounds  from  other  causes  are  subject.  Such  a 
trivial  accident  as  a  pin-scratch  or  razor-cut  has  been 
known  to  lead  to  fatal  termination.  Most  of  the  infec- 
tions after  vaccination  occur  in  persons  in  whom  regard 
for  cleanliness  is  slight  and  in  whom  the  subsequent  care 
of  the  vaccination  site  is  neglected. 

If  there  is  any  class  of  men  in  the  community  who 
should  be  familiar  with  the  accidents  and  complications 
of  vaccination,  it  should  certainly  be  the  physicians. 
With  this  knowledge  in  their  possession,  medical  men 
regard  vaccination  as  so  safe  a  procedure  that  they  al- 
most universally  employ  this  measure  on  themselves, 
their  wives,  and  their  children.  Indeed,  physicians  and 
their  families  constitute  the  best  vaccinated  class  in  the 
community.  As  has  been  said,  English  statistics  show 
that  only  13  medical  men  per  million  die  of  smallpox, 
against  73  per  million  of  the  general  population,  and  the 
contrast  is  all  the  more  striking  in  view  of  the  fact  that 
physicians  are  more  exposed  to  smallpox  than  the  aver- 
age citizen. 

Practically  all  of  the  accidents  of  vaccination  are  pre- 
ventable by  the  selection  of  the  proper  virus  and  care  of 
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the  arm  during  and  after  vaccination.  The  United 
States  Public  Health  and  Marine-Hospital  Service  has 
supervision  over  the  products  of  all  vaccine  establish- 
ments doing  an  interstate  business  and  has  the  power  to 
revoke  the  license  of  a  firm  placing  impure  virus  on  the 
market. 

The  dangers  of  vaccination  have  been  enormously  ex- 
aggerated by  the  opponents  of  this  measure.  In  the 
Philippine  Islands  within  the  past  few  years  there  have 
been  performed  by  the  United  States  sanitary  authori- 
ties 3.515,000  vaccinations  without  a  single  death  or  any 
serious  postvaccinal  infection.^®  When  we  consider  the 
thousands  on  thousands  of  vaccinations  performed, 
even  on  the  unclean  and  under  unfavorable  circum- 
stances, and  note  how  rare  it  is  for  any  serious  complica- 
tion to  develop,  we  are  justified  in  concluding  that  the 
risk  attending  vaccination  in  any  individual  case  is 
practically  a  negligible  quantity.  The  danger  connected 
with  vaccination  is  infinitesimal  compai'ed  with  the  peril 
of  remaining  unvaccinated. 

UNANIMITY  OF  AUTHORITATIVE  OPINION  ON 

VACCINATION 

It  is  difficult  to  understand  that  a  medical  procedure, 
which  has  stood  the  test  of  over  one  hundred  years  of  ex- 
perience and  has  satisfied  the  judgment  of  physicians 
and  scientists,  should  encounter  organized  opposition 
outside  of  the  profession.  There  has  probably  never 
been  in  the  history  of  mankind  a  great  discovery,  the 
acceptance  of  which  some  men  did  not  dispute.  The 
great  truth  which  Jenner  gave  to  the  world  offers  no  ex- 
ception to  this  statement.  There  are  dissenters  who  do 
not  believe  in  vaccination,  but  they  are  few  in  number 
and  chiefly  to  be  found  outside  of  scientific  circles.  I 
know  of  no  physician  of  eminence  in  this  country  who  is 
not  a  believer  in — nay,  even  an  ardent  advocate  of  vac- 
cination. Every  civilized  government  in  the  world  has 
placed  the  stamp  of  its  official  sanction  on  vaccination, 
and  practically  all  nations  have  made  this  procedure 
compulsory  in  their  armies  and  navies.  There  is  almost 
complete  unanimity  of  sentiment  among  physicians  con- 
cerning the  efficacy  of  vaccination  as  a  safeguard  against 
smallpox. 

16.  strong,  R.  P. :  Combating  Tropical  Diseases  in  the  Philiprpines 
by  Scientific  Metliods,  The  Journal  A.  M.  A.,  Feb.  15,  1909,  lii,  524. 
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The  effort  on  the  part  of  the  lay  opponents  of  vaccina- 
tion to  diffuse  the  idea  that  there  is  a  pronounced  dif- 
ference of  opinion  among  physicians  as  to  the  virtues  of 
vaccination  is  absolutely  without  foundation  in  fact. 
It  would  be  a  diflBcult  matter  to  find  in  this  country  five 
physicians  in  a  hundred  who  are  opposed  to  vaccination. 
Belief  in  the  efficacy  of  vaccination  has  been  repeatedly 
affirmed  by  the  most  noted  scientific  bodies  in  the  world. 
Even  as  earlv  as  1802  a  committee  of  the  British  House 
of  Commons  investigated  the  subject  and  made  a  favor- 
able report  on  the  protective  power  of  vaccination.  In 
1807  the  Eoyal  College  of  Physicians  of  London  made 
a  favorable  report  to  the  House  of  Commons.  In  1804 
a  royal  commission  appointed  in  Denmark  arrived  unan- 
imously at  the  conviction  that  vaccine  virus  was  a  pre- 
servative from  smallpox.  In  1856  John  Simon,  the 
medical  officer  of  the  London  Board  of  Health,  sent 
circular  letters  to  542  prominent  members  of  the  medi- 
cal profession  in  the  United  Kingdom  and  Europe,  re- 
questing opinions  as  to  the  value  of  vaccination;  539 
replies  were  received  and  there  was  absolute  unanimity 
expressed  as  to  the  efficacy  of  vaccination  as  a  protective 
measure  against  smallpox. 

The  most  important  opinion  has  been  rendered  by  the 
British  Eoyal  Commission  on  Vaccination  appointed  by 
Queen  Victoria  in  1889.  This  commission,  consisting  of 
eminent  members  of  Parliament,  lawyers,  scientists  and 
physicians,  and  presided  over  by  Lord  Herschell,  car- 
ried out  an  exhaustive  investigation,  lasting  from  1889 
to  1897.  It  held  136  meetings  and  examined  187  wit- 
nesses. The  judgment  of  such  a  body  as  to  the  efficacy 
of  vaccination  should  certainly  be  regarded  as  conclusive. 
In  the  final  report  signed  by  eleven  of  the  thirteen  mem- 
bers is  found  the  following  statement : 

It  is  to  be  hoped  that  our  report  will  stimulate  belief  in  the 
efficacy  of  vaccination,  that  it  will  remove  some  misapprehen- 
sion arid  reassure  some  who  take  an  exaggerated  view  of  the 
risks  connected  with  the  operation,  as  well  as  lead  to  a  more 
ready  enforcement  of  the  law  by  local  authorities. 

To  our  knowledge,  no  scientific  society  has  ever  passed 
resolutions  derogatory  to  vaccination ;  on  the  other  hand, 
the  liighest  scientific  bodies  throughout  the  world  have 
repeatedly  affirmed  their  belief  in  the  virtues  of  vacci- 
nation. 

On  May  13,  1893,  the  Eoyal  College  of  Surgeons  of 
England,  one  of  the  most  eminent  bodies   in   Great 
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Britain,  transmitted  to  the  Eoyal  Commission  on  Vacci- 
nation a  set  of  resolutions  bearing  on  vaccination,  which 
reads  in  part  as  follows  :^^ 

We  consider  the  evidence  in  favor  of  its  life-saving  power  to 
be  overwhelming,  and  we  believe,  from  evidence  equally  strong, 
that  the  dangers  incidental  to  the  operation,  when  properly 
performed,  are  infinitesmal. 

We  should,  therefore,  regard  as  a  national  calamity  any 
alteration  in  the  law  which  now  makes  vaccination  compulsory. 

ANIMAL   RESEARCH  IN    ITS  RELATION   TO    VACCINA- 
TION AND  SMALLPOX 

Tlie  tradition  concerning  the  protective  influence  of 
cowpox  against  smallpox  appears  to  have  been  known  to 
dairymen  in  England  and  Germany  long  before  the  days 
of  Edward  Jenner.  Dairy  servants  whose  hands  were 
accidentally  infected  with  cowpox  while  milking  cows 
were  alleged  to  be  immune  against  the  ever-present  and 
fatal  smallpox. 

After  assiduous  investigation  extending  over  many 
vears,  Jenner  became  convinced  that  there  was  truth  in 
this  strange  belief.  He  carefully  studied  cowpox  in  the 
bovine  and  in  the  human  species,  and  finally,  after  de- 
voting much  time  and  thought  to  the  subject,  inoculated 
material  from  the  hand  of  a  dairymaid  on  the  arm  of  a 
young  boy  with  complete  success. 

It  remained  for  Jenner  to  crystallize  the  half-for- 
gotten cowpox  tradition  into  a  scientific  hypothesis,  and 
then  by  painstaking  study  and  experiment  to  prove  its 
truth  to  the  world. 

The  propositions  set  forth  by  Jenner  may  be  briefly 
summarized  as  follows : 

There  is  a  disease  affecting  the  heel  of  the  horse  which  has 
been  called  by  farriers  "the  grease."^*  Dairy  servants  who 
come  into  contact  both  with  horses  and  cows,  accidentally 
transfer  this  aflFection  from  the  horse  to  the  cow  in  the  process 
of  milking  the  latter.  An  aflFection  termed  cowpox  is  thus 
produced  on  the  udders  and  teats  of  the  milch  cows.  Persons 
milking  such  cows  commonly  contract  sores  of  a  similar  char- 
acter on  their  hands.  These  persons  are  afterward  immune 
against  smallpox. 

While  Jenner's  experimentation  consisted  largely  in 
inoculating  or  rather  vaccinating  from  one  human  sub  • 

17.  Rep.  Roy.  Com.  on  Vaccination,  Appendix  No.  22,  p.  778. 

18.  It  is  the  prevailing  belief  nowadays  that  "the  grease"  or 
horsepoz  was  not  a  necessary  antecedent  to  cowpox ;  the  two  affec* 
tions,  in  all  probability,  had  a  common  ancestry. 
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ject  10  another,  the  material  employed  was  primarilj 
derived  from  the  cow,  which  was,  in  its  turn,  accident- 
ally inoculated  from  another  cow  or  from  the  horse, 
usually  through  the  mediation  of  the  milker.  An  unde- 
signed series  of  animal  experiments  was  thus  uncon- 
sciously carried  out. 

Jenner  concerned  himself  also  with  some  experimental 
research  on  cows  in  order  to  determine  the  stage  at 
which  the  fluid  from  the  equine  affection  was  most 
likely  to  produce  cowpox.  In  a  footnote  in  his  first 
publication  in  1798  he  says: 

This  [pus]  I  have  often  inserted  into  scratches  made  with  a 
lancet  on  the  sound  nipples  of  cows,  and  have  seen  no  other 
effects  than  simple  inflammation. 

The  results  of  these  experiments  may  have  influenced 
the  precept  which,  in  his  "golden  rule  of  vaccination," 
Jenner  later  expressed,  "never  to  take  the  virus  from  a 
vaccine  pustule  for  the  purpose  of  inoculation  after  the 
efflorescence  is  formed  around  it." 

EXPEROIENTS    BEARING   ON   THE   RELATION   OF   VACCliN  1- 

TION  TO  SMALLPOX 

AVith  the  best  qualified  and  most  persistent  opponents 
of  vaccination,  such  as  Prof.  E.  M.  Crookshank  and  Dr. 
Charles  Creighton,  the  alleged  lack  of  relationship  be- 
tween cowpox  or  vaccinia  and  smallpox  constituted  a 
vital  argument  in  support  of  their  views.  It  was  main- 
tained that,  vaccinia  and  variola  being  two  unrelated 
affections,  the  inoculation  of  the  virus  of  the  one  could 
not  possibly  protect  against  the  other.  Had  the  basic 
premise  been  proved  to  be  true,  the  conclusion  would 
have  had  much  scientific,  though  theoretical,  weight. 
The  force  of  this  argument,  however,  has  been  annihi- 
lated within  recent  decades  by  the  proof  that  a  most 
intimate  relationship  exists  between  vaccinia  and  small- 
pox. Indeed,  it  has  been  demonstrated  that  the  in- 
tensely contagious  virus  of  smallpox  can  be  transformed 
into  the  benign  vaccine  virus,  the  latter  having  the 
property  of  protecting  against  smallpox  when  inocu- 
lated into  the  human  subject.  Moreover,  the  affection 
produced  by  the  vaccine  virus,  unlike  that  produced  in 
the  last  century  by  inoculation  of  smallpox  virus,  results 
in  a  disorder  which  is  non-contagious.  This  proof  of 
the  relation  between  vaccinia  and  smallpox  has  been 
brought  about  through  animal  experimentation  carried 
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on  through  many  years  by  scientific  men  in  France, 
Switzerland,  Germany  and  Great  Britain.  The  British 
Eoyal  Commission  on  Vaccination  has  thoroughly  in- 
vestigated these  experiments  and  has  reviewed  the  same 
in  its  voluminous  report.  While  the  experiments  on  the 
variolation  of  the  bovine  species  have  yielded  results 
which  exhibit  marked  variation,  a  considerable  number 
of  positive  results  have  been  attained  in  the  hands  of 
careful  and  trustworthy  investigators  at  different  times 
and  in  different  countries.  Fischer  and  Voigt  in  Ger- 
many, Haccius  in  Switzerland,  Copeman  in  England, 
King  in  India,  and  others  of  late  years  have  propagated 
coAvpox  virus  by  variolating  heifers,  producing  thus 
what  has  been  called  variola-vaccine  lymph.  It  has 
thus  been  conclusively  demonstrated  that  smallpox  may 
be  converted  into  cowpox  by  successive  inoculations  of 
calves  through  several  generations,  the  final  inoculation 
yielding  a  pure  vaccine  virus.  This  virus  when  trans- 
ferred to  the  human  subject  confers  protection  against 
smallpox. 

It  has  taken  almost  a  century  of  experimentation  to 
prove  the  truth  of  the  statement  made  by  Jenner  in  his 
first  publication,  that  smallpox  and  cowpox  were  modifi- 
cations of  the  same  disease.  What  a  tribute  to  the  in- 
tuitive discernment  of  this  great  man ! 

THE  VALUE  OP  THE  ABOVE  EXPERIMENTS 

The  demonstration  of  the  proof  that  vaccine  virus 
may  be  developed  from  smallpox  virus  is  of  the  greatest 
importance  to  mankind.  Cases  of  spontaneous  cowpox, 
from  which  most  strains  of  vaccine  lymph  were  origin- 
ally derived,  are  excessively  rare.  In  Wiirttemberg,  in 
1825,  a  reward  was  offered  for  the  discovery  of  cases  of 
spontaneous  cowpox.  There  is  a  reassuring  sense  of 
security,  therefore,  in  the  knowledge  that  in  a  case  of  the 
loss  or  attenuation  of  existing  strains  of  lymph  a  fresh 
source  may  be  obtained  by  variolation  of  calves.  It  has 
long  been  known  that  vaccine  lymph  may  degenerate  by 
too  prolonged  transmission  through  the  human  species. 
In  years  gone  by  the  cry  was  often  heard,  "Back  to  the 
cow.^^ 

Again,  in  the  event  of  a  vaccine  famine  such  as  oc- 
curred in  1871-72,  or  in  an  extensive  epidemic  of  small- 
pox in  some  inaccessible  country  where  vaccine  material 
could  not  be  secured,  the  ability  to  convert  the  smallpox 
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virus  into  vaccine  virus  by  inoculation  of  calves  would 
offer  the  means  of  suppressing  the  epidemic. 

Shakespeare  might  well  have  had  vaccination  in  mind 
when  he  wrote: 

Take  thou  some  new  infection  to  thine  eye, 
And  the  rank  poison  of  the  old  will  die. 

ADVANTAGES    OF   BOVINE  VIRUS    OVER    HUMANIZED  VIRUS 

1.  About  a  quarter  of  a  century  ago  it  was  the  com- 
mon practice  to  employ  for  vaccination  the  fluid  or  the 
dried  crust  from  the  vaccine  lesion  on  a  child's  arm. 
While  such  vaccinations  gave  satisfactory  results  as  re- 
gards protection  against  smallpox,  they  were  attended 
with  certain  disadvantages  which  are  obviated  by  the 
use  of  bovine  lymph.  The  use  of  calf-propagated  virus 
precludes  the  possibility  of  transmitting  by  vaccination 
diseases  peculiar  to  the  human  species.  One  of  the  most 
weighty  reasons  that  led  to  the  adoption  of  animal  vac- 
cination and  to  its  preference  over  arm-to-arm  transmis- 
sion was  the  recognition  of  the  possibility  of  inducing 
syphilis  by  vaccine  inoculation.  To  be  sure,  such  acci- 
dents were  so  rare  that  thousands  on  thousands  of  physi- 
cians vaccinating  throughout  a  lifetime  failed  to  en- 
counter any  such  unfortunate  experience.  Nevertheless, 
no  matter  how  uncommon  such  a  catastrophe  might  be, 
the  remotest  liability  of  such  an  occurrence  constitutes  a 
serious  argument  against  the  use  of  humanized  virus. 
The  opponents  of  vaccination  bitterly  attacked  the  pro- 
cedure on  the  grounds  just  mentioned.  The  bovine  spe- 
cies being  totally  insusceptible  to  syphilis,  the  use  of 
lymph  of  calf  origin  is  entirely  devoid  of  the  danger  of 
transmitting  syphilis.  The  weightiest  argument  of 
those  who  have  antagonized  vaccination  is,  therefore, 
nullified. 

Erysipelas  appears  to  be  a  much  rarer  complication 
since  the  general  employment  of  animal  virus.  Many 
cases  of  vaccinal  erysipelas  were,  in  the  past,  doubtless 
due  to  secondary  infection  of  the  vesicle  at  the  time  that 
it  was  punctured  to  withdraw  lymph  for  further  vacci- 
nations. The  use  of  animal  virus  obviates  the  necessity 
of  tapping  the  vaccine  vesicle,  thus  rendering  erysipelas 
from  this  cause  practically  non-existent.  Many  cases  of 
erysipelas  were  also  due  to  the  use  of  crusts  which  had 
been  unwisely  selected  or  improperly  preserved.  What- 
ever the  cause  or  causes  may  have  been,  actual  experience 
shows  an  enormous  reduction  in  the  relative  and  total 


49 

incidence  of  this  complication  since  calf  virus  ha?  come 
into  general  use. 

2.  The  virus  of  calves  offers  an  almost  inexhaustible 
supply  of  Ijrmph,  inasmuch  as  a  much  greater  yield  can 
be  obtained  from  the  calf  than  from  the  human  subject, 
and,  furthermore,  the  number  of  calves  used  can  be  mul- 
tiplied according  to  existing  needs.  During  extensive 
epidemics  of  smallpox  when  humanized  virus  was  em- 
ployed, the  community  was  often  placed  in  a  most  em- 
barrassing and  dangerous  predicament  owing  to  an  in- 
sufficient supply  of  vaccine  lymph.  During  the  great 
pandemic  of  smallpox  that  spread  over  the  entire  globe 
in  the  early  seventies  a  veritable  vaccine  famine  existed 
in  many  countries.  All  kinds  of  sources  were  drawn  on 
for  virus,  and  much  worthless  lymph  derived  from  spuri- 
ous and  irregular  vaccinations  was  employed,  with  en- 
tirely unsatisfactory  results. 

3.  Animal  lymph  appears  to  give  a  much  larger  per- 
centage of  successful  revaccinations  than  long-human- 
ized virus.    Dr.  Henry  A.  Martin  says  : 

The  number  of  those  who  in  revaccination  with  old,  long- 
humanized  virus  ( not  that  of  early  human  removes )  experience 
vaccinal  eflFect  may  be  stated  at  the  outside  at  35  per  cent.  The 
number  of  those  revaccinated  with  equal  care  and  repetition 
with  animal  virus  and  virus  of  very  early  human  removes,  I 
affirm  to  be  a  fraction  over  80  per  cent. — ^a  difference  of  45  per 
cent.;  and  this  45  per  cent.  I  firmly  believe  to  represent  ap- 
proximately the  number  of  those  insensible  to  the  enfeebled  in- 
fluence of  long-humanized  virus,  but  sensible  to  the  Intense 
contagion  of  variola  just  in  the  same  degree  as  sensible  to  the 
intense  power  of  bovine  virus  and  that  of  the  early  human 
removes  from  it. 

4.  Vaccination  with  bovine  lymph  produces  a  vesicle 
which  approaches  more  nearly  the  Jennerian  prototype, 
and  reaches,  therefore,  a  greater  degree  of  perfection 
than  that  produced  by  long-humanized  virus. 

The  cowpox  accidentally  produced  on  the  hands  of 
dairymaids  was  believed  by  Jenner  to  confer  lasting 
protection  against  smallpox.  The  bovine  species  ap- 
pears to  be  the  natural  soil  of  the  prophylactic  pock, 
and  the  view  has  been  maintained  by  many  that  calf 
virus  or  virus  derived  from  an  early  human  remove 
creates  a  more  complete  and  permanent  immunity. 

It  has  been  alleged  by  the  opponents  of  vaccination 
that  tuberculosis  has  been  and  is  transmitted  by  the  use 
of  calf  virus.     The  precautions  which  are  adopted  in 
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the  propagation  of  vaccine  virus  make  such  an  accident 
almost  an  impossibility.  Even  were  tiiis  not  the  case, 
it  is  very  doubtful  whether  an  inoculation  of  virus  con- 
taminated with  the  tubercle  bacillus  would  produce 
more  than  a  local  skin  lesion  which  could  be  readily 
cured.  The  precautionary  measures  employed  are,  as 
has  been  said,  an  all-suflBcient  safeguard.  The  virus  is 
obtained  from  very  yoimg  calves,  and  it  is  pretty  well 
established  that  calves  are  but  rarely  the  subjects  of 
tuberculosis.  It  is  stated  by  Fiirst,^®  on  the  authority 
of  Pfeiffer,  that  but  one  case  of  tuberculosis  was  found 
among  34,400  calves  under  four  months  of  age.  The 
statistics  of  the  abattoirs  of  Augsburg  and  Munich 
corroborate  the  above  figures;  only  one  tuberculous  calf 
Avas  discovered  at  Augsburg  among  22,230  slaughtered, 
and  the  percentage  was  much  smaller  at  Munich. 

Furthermore,  in  all  well-regulated  establishments  for 
the  propagation  of  vaccine  virus,  the  calves  are  sub- 
jected for  a  number  of  days  prior  to  vaccination  to  the 
tuberculin  test;  in  the  event  that  tuberculosis  is  shown 
to  exist  in  the  animal,  it  is,  of  course,  not  employed 
for  vaccination.  All  calves  used  for  vaccination  are 
autopsied  and  carefully  examined  before  the  virus  ob- 
tained from  them  is  placed  on  the  market.  Finally, 
even  though  it  were  possible,  despite  these  precautions 
for  the  tubercle  bacillus  to  contaminate  the  lymph,  it 
would  perish  if  the  virus  were  glycerinated.-  Nearly  all 
of  the  vaccine  lymph  now  employed  is  subjected  to  the 
process  of  glycerination.  Copeman,-®  speaking  of 
glycerinated  lymph,  says: 

The  tubercle  bacillus  is  effectively  destroyed  even  when  large 
quantities  of  virulent  cultures  have  been  purposely  added  to 
the  lymph. 

EXPERIMENTAL  RESEARCHES    ON   MONKEYS 

A  number  of  observers,  including  Zuelzer,  Copeman, 
De  Haan,  Eoger  and  Weil,  Park,  Ewing,  and  Council- 
man, McGrath  and  Brinckerhoff,  have  shown  that  it  is 
possible  to  inoculate  certain  species  of  monkeys  with 
smallpox,  producing  in  them  a  mild  affection  similar 
to  inoculated  smallpox  formerly  induced  for  protective 
purposes  in  man.    This  inoculation  protects  the  monkey 

19.  Fiirst :  Die  Pathologle  der  Schutz-Pocken-Impfung,  Berlin, 
189G,  paragraph  431,  p.  112 ;  quoted  by  Acland :  Allbutt's  System  of 
Medicine. 

20.  Copeman  :  Vaccination,   Its  Natural  History  and   Pathology, 
London,  1899,  p.  181. 
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against  subsequent  successful  inoculation  and  likewise 
against  vaccination.  In  similar  manner  vaccination  pro- 
tects the  monkey  against  inoculation  smallpox.  This  is 
strong  experimental  proof  of  the  protective  power  of  vac- 
cination. Monkeys  are  only  slightly,  if  at  all,  susceptible 
to  smallpox  contracted  in  a  natural  way  through  the  air. 
Professor  Councilman,  of  Harvard  University,  and  his 
associates  iallege  that  they  have  discovered  the  parasite 
which  causes  smallpox,  the  same  organism  somewhat 
modified  being  held  to  be  present  in  the  vaccine  lesion. 
If  this  claim  is  confirmed  and  proved  by  further  research, 
results  of  practical  importance  may  be  evolved  from  the 
labors  of  these  investigators. 

RECAPITULATION  AND  CONCLUSIONS 

1.  Vaccination,  when  properly  and  adequately  em- 
ployed, protects  one  against  smallpox.  Even  those  inti- 
mately exposed  to  the  disease,  as  physicians  and  nurses 
in  smallpox  hospitals,  may  be  made  completely  immune 
against  smallpox  by  vaccination  and  revaccination. 

2.  Vaccination  protects  against  smallpox  in  the  same 
manner  that  one  attack  of  the  smallpox  protects  against 
a  second  attack.  Vaccination  has  the  special  advantage 
in  that  the  immunity  which  it  confers  against  smallpox 
may  be  renewed  when  it  becomes  impaired  or  exhausted. 

3.  Vaccination  in  order  to  confer  protection  must  be 
genuine:  the  mere  production  of  a  "sore  arm'^  is  of  it- 
self no  proof  that  the  subject  has  been  successfully  vac- 
cinated. The  vaccination  must  run  a  definite  course 
before  a  protective  substance  is  left  in  the  body. 

4.  Smallpox  may  develop  in  vaccinated  persons  if 
they  permit  years  to  elapse  without  revaccination. 

5.  Vaccination  and  revaccination  universally  applied 
are  capable  of  exterminating  smallpox  as  an  epidemic 
disease.  The  experience  of  Germany  during  the  past 
thirty-five  years  proves  this. 

6.  In  isolated  instances  individuals  in  a  generally 
well-vaccinated  community  may  develop  smallpox  be- 
cause their  protection  is  imperfect  as  a  result  of  the 
use  of  an  inert  virus  or  some  other  fault  of  technic. 
These  cases,  however,  will  never  appreciably  influence 
the  prevalence  of  the  disease  in  such  a  community. 

7.  Smallpox  was  an  ever-present  and  terrible  pesti- 
lence in. the  days  before  vaccination.  In  most  civilized 
centers  it  is  to-day  a  relatively  rare  disease.  This^ 
change  has  been  effected  almost  exclusively  by  vaccina- 
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tion.  Epidemics  of  smallpox  prevail  from  time  to  time 
when  the  spark  of  infection  is  introduced  into  the  com- 
munity and  a  sufficient  amount  of  unvaccinated  com- 
bustible material  exists  to  lead  to  a  general  conflagra- 
tion. In  countries  where  vaccination  is  neglected,  as  in 
Persia,  Asiatic  Eussia,  etc.,  etc.,  smallpox  is  still  a 
death-dealing  scourge. 

8.  The  foes  of  vaccination  commonly  refer  to  the  in- 
frequency  of  smallpox  at  the  present  day  and  to  the 
remote  liability  of  contracting  the  disease.  They  forget 
that  the  relative  security  which  we  now  enjoy  is  the 
result  of  vaccination.  This  security  can  be  made  abso- 
lute or  it  can  be  largely  destroyed  according  as  vaccina- 
tion and  re  vaccination  are  generally  employed  or  gen- 
erally neglected. 

I).  The  dangers  connected  with  vaccination  have  been 
greatly  exaggerated  by  the  opponents  of  this  measure. 
Vaccination  causes  an  abrasion  of  the  skin  and  in  rare 
instances  this  wound,  like  other  wounds  may  become 
infected,  especially  when  neglected  or  maltreated.  With 
the  selection  of  a  proper  virus  and  care  of  the  vaccina- 
tion site  during  and  after  vaccination,  the  risk  in  any 
individual  instance  is  an  entirely  negligible  quantity. 
The  risk  connected  with  vaccination  is  infinitesimal 
compared  with  the  peril  of  remaining  unvaccinated. 

THE    RELATION    OF    ANIMAL   RESEARCH    TO    OUR    KNOWL- 
EDGE   OF    SMALLPOX    AND    VACCINATION 

1.  ]^umerous  experiment^  on  calves  have  proved  that 
smallpox  virus  may  be  converted  into  vaccine  virus  by 
transmission  through  several  generations  of  the  bovine 
species.  This  discovery  not  only  establishes  vaccina- 
tion as  a  thoroughly  scientific  practice,  but  also  provides 
for  a  new  source  of  lymph  in  the  event  of  the  deteriora- 
tion or  loss  of  existing  strains. 

2.  Experiments  on  calves  have  resulted  in  a  method 
of  calf  vaccination  which  permits  of  the  production '  of 
any  needed  quantity  of  virus.  This  renders  unnecessary 
the  use  of  humanized  virus  with  the  attendant  disad- 
vantages elsewhere  referred  to.  The  use  of  calves  for 
the  propagation  of  vaccine  lymph  constitutes  the  most 
important  improvement  in  vaccination  since  its  discov- 
ery over  a  hundred  years  ago. 


ADDENDA 


(Notes  added  to  the  second  edition  of  this  pamphlet,  1911.) 


EFFECTS    OF    VACCINATION    IN    JAPAN 

The  opponents  of  vaccination  in  England  and  the  United 
States  have  within  recent  years  endeavored  to  prove  that  vac- 
cination has  been  a  failure  in  Japan.  Taking  the  various  vac- 
cination laws  in  Japan  as  a  guide,  they  have  argued  that  the 
Japanese  people  were  thoroughly  and  repeatedly  vaccinated, 
and  yet  at  times  suffered  considerable  epidemics  of  smallpox. 
These  results  have  been  arrived  at  by  antivaccinationists  many 
thousands  of  miles  distant  from  Japan,  and  were  based  solely 
on  paper  statistics.  They  point  out  that  Japan,  which  is  sup- 
posed to  be  a  thoroughly  vaccinated  country,  has  had  in  the 
twenty  years,  from  1889  to  1908,  171,500  cases  of  smallpox, 
and  that  in  1908  there  were  18,139  cases.  If  the  inhabitants 
of  Japan  were  all  thoroughly  well  vaccinated,  these  figures 
would  seriously  challenge  the  effectiveness  of  vaccination  as  a 
preventive  measure  against  smallpox.  There  is,  however, 
information  at  hand  to  show  that  a  very  large  number  of 
Japanese  subjects  have  not  been  successfully  vaccinated,  and 
this  information  comes  to  us  from  an  unimpeachable  and 
authentic  source.  Dr.  T.  Amako,  Director  of  the  Municipal 
Hospital  for  Infectious  Diseases,  in  Kobe,  Japan,  contributes 
an  article  entitled  "A  Study  of  the  Variola  Epidemic  in  Kobe" 
{Archiv,  f.  Schiffs  u.  Tropen  Hygiene,  1909,  xiii,  page  409). 
He  prefaces  the  statistics  by  stating  that  "fearful  epidemics 
of  smallpox  have  raged  in  Japan  seventy  times  between  the 
years  551  and  1884."  He  says  that  "vaccination  was  intro- 
duced into  Japan  in  1848,  but  was  carried  out  very  incom- 
pletely." In  1885  the  first  Imperial  Vaccination  Law  was 
passed,  and  since  then  the  former  murderous  epidemics  of 
smallpox  have  been  tremendously  lessened  through  vaccination. 
In  the  year  1908,  in  the  city  of  Kobe,  with  a  population  of 
372,751,  there  were  4,184  cases  of  smallpox.  Amako  had  an 
opportunity  of  observing  3,465  patients  and  of  noting  the  rela- 
tion between  vaccination  and  smallpox  in  these  cases;  1,607 
patients,  representing  46.4  per  cent,  of  the  entire  number  were 
vaccinated,  and  the  remaining  1,856,  or  53.5  per  cent.,  were 
either  unvaccinated  or  vaccinated  unsuccessfully.  Of  the  vac- 
cinated cases,  116  died,  representing  a  mortality  of  7.2  per 
cent.;  of  the  unvaccinated  or  unsuccessfully  vaccinated  cases, 
851  died,  representinjg  a  mortality  of  45.8  per  cent.  It  is  thus 
seen  that  the  mortality  among  the  unvaccinated  cases  teas 
nearly  seven  times  as  great  as  among  the  vaccinated  cases. 
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There  is  certainly  nothing  in  these  figures  which  can  pos- 
sibly be  construed  to  be  unfavorable  to  vaccination.  When  by 
actual  examination  of  the  patients,  an  official  finds  over  50 
per  cent,  of  those  suti'ering  from  smallpox  to  be  unvaccinated 
or  unsuccessfully  vaccinated,  there  is  no  justification  for  the 
expectation  that  Japan  should  be  free  of  epidemics  of  small- 
pox. It  must,  furthermore,  be  remembered  that  18,000  cases 
of  smallpox  in  a  population  of  over  49,000,000  crowded 
together  on  a  relatively  small  island,  is  not  excessive  when 
compared  with  the  number  of  cases  in  other  countries.  Accord- 
ing to  the  estimate  of  John  W.  Trask,  of  the  U.  S.  Public 
Health  and  Marine-Hospital  Service,  there  were  probably 
more  than  70,000  cases  of  smallpox  in  the  United  States  in 
1908.  It  is  thus  seen  that  the  smallpox  statistics  of  Japan 
as  compared  with  the  United  States  are  much  in  favor  of  the 
former  country. 

But  recently,  an  article  entitled  "Vaccination  and  Small- 
pox in  Japan."  has  been  published  (The  Journal  A.  M.  A. 
March  25,  1911)  by  Kitasato,  Director  of  the  Institute  for 
Research  in  Infectious  Diseases,  Tokio,  Japan,  and  Physician 
to  the  Emperor  of  Japan.  This  eminent  scientist  says  that 
vaccination  was  first  introduced  into  Japan  in  1849  by  Monicke, 
a  Dutch  physician,  and  that  the  Japanese  people  were  soon 
convinced  of  the  marvelous  effects  of  vaccination.  He  declares 
that  the  reasons  for  the  occurrence  of  epidemics  of  smallpox 
in  Japan  are  that: 

1.  Japan  is  surrounded  by  non-vaccinated  countries  whence 
contagion  may  flow  in  at  any  time. 

2.  The  ignorant  people  frequently  escape  the  provisions  of 
the  vaccination  requirements. 

3.  A  certain  proportion  of  vaccinations  performed  are 
unsuccessful.  At  times  20  to  25  per  cent,  of  the  vaccinations 
fail  to  take,  although  since  1900  the  number  of  unsuccessful 
primary  vaccinations  has  been  reduced  to  about  12  per  cent. 

4.  Smallpox  in  Japan  is  usually  of  a  highly  virulent  char- 
acter, the  mortality  in  the  unvaccinated  having  reached  at 
times  69.3  per  cent. 

Among  10,600  persons  with  smallpox  reported  during  the 
five  years  between  1878  and  1882,  non- vaccinated  individuals 
were  found  to  amount  to  6,690,  or  63  per  cent.  During  the 
last  epidemic  in  the  years  1907-1908,  1,527  non-vaccinated 
persons  among  5,215  smallpox  patients  were  found  in  one  pre- 
fecture, i.  e.,  in  Hiolgo. 

Kitasato  adds:  "Law  breakers  will  be  found  in  any  nation 
where  a  vaccination  law  is  enacted.  The  middle  and  higher 
classes  of  Japanese  people  never  allow  their  children  to  go 
imvaccinated,  but  the  lower  classes,  who  constitute  the  major- 
ity of  the  nation,  often  neglect  their  duty."  Kitasato  also 
refers  to  the  remarkably  low  smallpox  mortality  among  the 
million  men  engaged  in  the  Japanese-Russian  war. 
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He  concludes  as  follows:  "The  antivaccinationists  are  like 
those  who  would  deny  the  benefit  of  sunshine;  it  gives  them 
every  joy  and  happiness,  and  yet  they  are  so  familiar  with  it 
that  they  are  not  aware  of  its  good.  They  would  come  to  know 
the  vast  protective  power  of  vaccination  had  they  once  experi- 
enced the  terrible  outbreaks  of  smallpox  in  their  communities 
in  which  thousands  on  thousands  fall  victims,  while  the  vacci- 
nated ones  go  freely  through  the  epidemic  without  the  least 
danger  of  contagion." 

As  indicating  the  opinion  of  the  Japanese  government  of  the 
value  of  vaccination,  we  may  take  its  attitude  toward  vaccina- 
tion in  Korea.  The  total  number  of  persons  vaccinated  in 
Korea  in  1908  was  544,630.  Japan  has  established  thirty  offi- 
cial committees  of  vaccination  among  the  thirteen  provincial 
Korean  governments,  and  has  appointed  600  official  vaccinators 
among  the  district  magistracies  and  prefectures.  In  addition, 
forty-eight  non-commissioned  official  physicians  have  been 
attached  to  important  local  police  stations  to  aid  in  the  work 
of  vaccination.  (See  abstract  in  Literary  Digest,  June  25, 
1910,  p.  1253.)  It  is  evident  that  this  vaccination  campaign  is 
costing  Japan  enormous  sums  of  money,  but  this  progressive 
nation  recognizes  that  the  work  is  of  great  importance  to  its 
development  and  to  the  development  of  Korea.  In  view  of  the 
attitude  of  the  Japanese  government  (which  is  certainly  in 
possession  of  all  the  facts  concerning  vaccination  within  its 
own  domain),  the  criticism  of  English  and  American  antivac- 
cinationists interpreting  the  results  of  vaccination  from  afar 
and  crying  "failure,"  will  convince  no  one  save  themselves. 

INCIDENT     SHOWING     EFFICACY     OF     VACCINATION     IN      SPANISH- 
AMERICAN  WAR 

The  following  facts  were  supplied  by  General  Leonard  Wood 
to  Dr.  S.  Weir  Mitchell,  and  through  him  to  Dr.  Samuel  G. 
Dixon,  Commissioner  of  Health  of  Pennsylvania,  who  pub- 
lished them  in  a  bulletin  of  the  Department  of  Health. 

Major  Robert  S.  Woodson,  Major  U.  S.  Army,  in  an  official 
report,  said:  "Oct.  20,  1898,  I  was  ordered  by  General  Wood 
to  proceed  to  Gibara,  Cuba,  on  the  northern  coast  of  the  Prov- 
ince of  Santiago."     .     .     . 

"Smallpox  lad  assumed  epidemic  ])ro])ortions  in  March, 
1898,  and  had  steadily  progressed  until  on  our  arrival  then? 
were  on  conservative  estimate  Ji,000  cases,  tvith  thirty  deaths 
a  day  in  the  district." 

"For  thirty  years  there  had  been  almost  continual  warfare 
and  political  unrest,  and  consequently  but  very  little  vac- 
cinating had  been  done." 

"The  effect  of  vaccination  seemed  to  be   instantlv  to  check 

« 

the  epidemic  as  though  it  had  been  swept  from  the  district." 

"The  crowning  feature  of  all  in  proving  the  efficacy  of  vacci- 
nation  was  the  fact  that   the   entire   regiment.   Second   U.   S. 
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Volunteers  (Hood),  all  protected  by  vaccination,  encamped 
practically  in  the  towns  of  Holguin  and  Gibara.  mingling 
freely  with  the  inhabitants,  exhibited  an  absolute  immunity 
against  smallpox,  as  not  a  single  case  occurred  in  this  regiment 
during  the  six  months'  service  in  the  district." 

General  Wood  adds:  '*  A  large  number  of  American  soldiers 
under  a  fair  state  of  discipline  were  sent  into  a  county  infected 
with  the  most  virulent  type  of  smallpox,  where  the  death-rate 
was  heavy  and  all  sanitary  conditions  were  against  them,  and 
although  living  for  several  months  in  towns  infected  with  most 
malignant  type  of  smallpox  to  which  they  were  constantly 
exposed,  not  a  single  case  occurred  in  the  regiment." 

1922  Spruce  Street. 
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MEDICAL  INSTITUTES 
Thb  Wisconsin  Medical  Institute,  of  Milwaukee. 
The  Boston  Medical  Institute  or  The  Bellevue 
Medical  Institute,  of  Chlcaflro. 
The  Epileptic  Institute  Company,  of  Cincinnati. 

CONSUMPTION  AND  CANCBE  CURBS 

AicsoL,  of  St.  Louis. 

The  International  Institute,  of  Chicago. 

Natubb's  Creation,  of  Columbus. 

"Rupert  Wells,*'  of  St.  Louis.  Also  in  the  same 
pamphlet,  the  Wilson  Consumption  Curb  and  the 
Soluble  Sulphur  Company.    Illustrated. 

A  Trio  of  Cancer  Fakes  :  Dealing  with  the  Dr. 
Curry  Cancer  Curb  Company  of  Lebanon,  Ohio,  the 
Dr.  Benjamin  F.  Bye  Sanitarium  of  Indianapolis, 
Ind.,  and  Dr.  L.  T.  Leach  of  Indianapolis.   Illustrated. 

A  Duo  OF  Cancer  Fakes  :  Dealing  with  Dr.  and 
Mrs.  Chamleb  &  Co.,  of  St.  Louis,  and  W.  O.  Bye  of 
Kansas  City.     Illustrated. 

Toxo-Absorbent  Company  of  Rochester.  Illustrated. 

MISCELLANEOUS 
The  Viayi  Treatment,  of  San  Francisco. 
The  American  College  of  Mbchano-Thbrapy,  of 
Chicago. 
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ETIOLOGY 

Everything  that  we  know  to-day  of  the  etiology  of 
tuberculosis,  everything  that  has  a  direct  bearing  on  the 
prevention  and  control  of  the  disease,  we  owe  to  animal 
experimentation.  Before  the  infectious  nature  of  the 
tubercle  became  established  by  animal  experimentation 
no  advance  was  made  in  the  knowledge  of  tuberculosis 
in  any  direction  except  in  that  of  pathologic  anatomy. 
From  Sylvius,^  who  in  1695  first  described  tubercles  and 
drew  attention  to  their  relation  to  pulmonary  phthisis, 
up  to  the  time  of  Klencke^  in  1843,  and  even  of  Ville- 
min^  in  1865,  who  were  the  first  to  demonstrate  by  in- 
oculation experiments  on  animals  the  infectious  nature 
of  the  tubercle — that  is,  in  a  period  of  170  years — no 
advancte  was  made  in  the  etiology  of  the  disease,  and  this 
long  period  was  wholly  occupied  by  studies  of  the  patho- 
logic anatomy  of  tubercle,  scrofula,  caseation,  pulmo- 
nary tuberculosis,  and  discussions  of  their  relation  to 
each  other  and  their  classification.  Elnowledge  of  the 
exciting  causes  of  these  pathologic  processes  remained 
theoretical;  they  were  principally  attributed  to  heredi- 
tary tendencies,  perverted  humors,  and  various  types  of 
innammation. 

Klencke,^  in  1843,  was  the  first  to  demonstrate  the 
infectious  nature  of  "tubercle^^  by  inoculating  rabbits  in 
the  vein  of  the  neck  with  '^tubercle  cells'^  and  producing 
general  miliary  tuberculosis  in  these  animals.  Klencke, 
however,  hardly  realized  the  importance  of  his  own  dis- 

1.  Sylvius:    Opera  Med.  TraJ.  ad  Rhenum..  1695. 

2.  Klencke:  Untersachuogen  und  Erfahrung  im  Geblete  der 
Anatomie,  Pbyslologie,  MIkrologie  und  wissenscbaftenlichen  Medi- 
zin,  Leipcig,  1843,  1,  Abschnitt  11 ;  MikropUcb-patbologlBcbe 
Beobachtungen  tiber  die  Natur  des  Kontagium,  Paragraph  24.  See 
also  ii,  Abschnitt  1,  Par.  16. 

8.  Villemln,  J.  A. :  Cause  et  nature  de  la  tuberculose  (first 
memoir).  1865.     Etudes  sur  la  tuberculose,  1868. 


covery,  and  little  attention  was  paid  to  his  work  until, 
in  ISGo,  Villemin,^  by  extensive  and  carefully  con- 
trolled inoculation  experiments  on  rabbits,  confirmed 
Klencke's  views  and  demonstrated  beyond  doubt  the 
infectiousness  of  tubercle  by  reinoculation  from  animal 
to  animal.  He  also  obtained  evidence  of  specificity,  as 
control  inoculations  with  other  morbid  material,  such  as 
cancer,  pus,  bits  of  pneumonic  lung,  etc.,  remained 
negative.  He  was  as  successful  with  material  derived 
from  the  Perlsucht  disease  of  cattle  as  with  human 
tubercle,  and  thus  pointed  out  the  identity  of  the  tuber- 
culous process  in  man  and  animals.  From  his  experi- 
ments he  reached  the  conclusion  that  the  tubercle  itself 
had  nothing  specific  in  its  histology,  and  that  the  disease 
must  be  due  to  a  germ.  Scrofula  he  considered  some- 
times tuberculous  and  at  others  non-tuberculous,  as  he 
could  not  always  produce  the  disease  in  hiw  experimental 
animals  with  scrofulous  products. 

Animal  experiments  were  first  used  as  a  means  of 
diagnosis  by  Marcet,*  in  1867,  who  demonstrated  the 
tuberculous  nature  of  material  from  suspected  cases  of 
tuberculosis  by  producing  with  it  generalized  tuberculo- 
sis in  guinea-pigs,  and  Edwin  Klebs*^  demonstrated  by 
animal  inoculations  in  1868  that  the  sputum  of  tubercu- 
lous patients  contained  an  infective  element  which  was 
capable  of  producing  the  disease  in  guinea-pigs. 
Darasche/  in  1882,  used  animal  inoculations  to  make  a 
diagnosis  of  urogenital  tuberculosis. 

While  Klencke's  and  Villemin's  results  were  accepted, 
the  strife  for  many  years  continued  over  the  interpreta- 
tion of  these  results.  Meanwhile,  the  positive  proof  as 
to  the  infectiousness  of  tuberculosis,  obtained  by  sub- 
cutaneous inoculation  in  animals,  was  supplemented  by 
evidence  brought  to  light  by  inhalation  and  ingestion  of 
tuberculous  material.  Schweninger,^  in  1866,  at  first 
failed  to  infect  dogs  by  inhalations  of  phthisical  spu- 
tum, but  later — 1886 — he   succeeded;   and  Lippl,®  in 

4.  Marcet,  William  :  The  Inoculation  of  Animals  as  a  Means 
of  Diagnosis  in  Tuberculous  Phthisis,  Med.-chir.  Tr.,  London,  1867, 
p.  437. 

5.  Klebs,  E.  :  Ueber  Entstehung  der  Tuberkulose  und  ihre  Ver- 
breitung  im  KOrper,  Virchows  Arch.  f.  path.  Anat.,  1868,  xliv. 

6.  Damsch  :  Die  Impfbarkeit  der  Tuberkulose  als  diagnostlches 
Hfilfsmittel  bei  TJrcscnltalerkrankungen,  Deutsch.  Arch.  f.  kiln. 
Med.,  1882,  xxxi,  78  ff. 

7.  Schweninger,  E. :  Ueber  ktlnstlicher  Erzeugung  der  Tuber- 
kulose, Gesammelte  Arbelten  von  Dr.  E.  Schweninger,  Berlin,  1886, 
i,  242. 

8.  Lippl :  Amtl.  Ber.  d.  50.  Versamml.  deutsch.  Naturforsch. 
u.  Aerzte,  1877,  p.  268. 


1877,  produced  pulmonary  tubercles  in  rabbits  by  in- 
sufflation of  fluid  sputum  from  man  through  a  tracheal 
fistula.  Tappeiner,®  in  a  series  of  experiments  which 
lasted  from  1877  to  1888,  demonstrated  beyond  doubt 
the  infectiousness  of  phthisical  sputum  by  inhalation 
experiments,  his  results  being  confirmed  also  by  Bert- 
heau^^  in  1880.  Tappeiner,  in  1880,  had  failed  to  in- 
fect rabbits  by  exposing  them  to  the  breath  of  coughing 
consumptives,  and  concluded  that  the  infection  must  be 
conveyed,  if  at  all,  by  dried  sputum  arising  as  dust,  and 
not  by  the  breath  of  the  patient.  The  danger  of  this 
mode  of  infection  received  practical  confirmation  when 
his  servant,  whom  he  had  warned  to  protect  himself 
from  inhaling  the  dust  of  the  room  in  which  the  animals 
were  confined,  developed  pulmonary  tuberculosis  and 
died  of  it.  Giboux,^^  in  1882,  however,  succeeded  in 
infectifig  rabbits  by  making  consumptives  cough  in  the 
boxes  in  which  these  animals  were  confined,  and  thus 
demonstrated,  long  before  Fliigge's  classical  experi- 
ments, the  dangers  of  sprayed  particles  of  sputum  from 
phthisical  patients. 

Feeding  experiments  also  added  irrefutable  evidence 
of  the  infectious  nature  of  tuberculous  material,  as  well 
as  bringing  many  facts  to  support  the  hitherto  unsus- 
pected identity  of  the  Perlsucht  disease  of  cattle  and 
human  tubercle,  by  proving  that  both  produced  tubercu- 
lous disease  in  animals  when  taken  into  the  stomach. 
Chauveau,^^  in  1868,  infected  calves  by  feeding  them 
bovine  tuberculous  masses,  and  Edwin  Klebs,^^  in  the 
same  year,  infected  guinea-pigs  by  feeding  them  with  the 
sputum  of  consumptives^  and  in  1870  by  the  ingestion 
of  bovine  tuberculous  material,  which  led  him  to  the 
conclusion  that  the  Perlsucht  disease  of  cattle  and  hu- 
man tuberculosis  were  caused  by  the  same  virus.  Ger- 
lach,^*  in  1870,  demonstrated  the  infectiousness  of  milk 

9.  Tappeiner:  Amtl.  Ber.  d.  50.  Versamml.  deutsch.  Natur- 
forsch.  u.  Aerzte,  1877,  p.  269.     Wlen.  med.  Presse,  1877,  No.  43. 

10.  Bertheau,  H. :  Zur  Lebre  von  der  Inhalationstuberkulose, 
Dentsch.  Arch.  f.  kiln.  Med.,  1880,  xxvl.  523. 

11.  Glboux :  Inoculablllt^  de  la  luberculose  par  la  respiration 
des  phthlsiques,  Compt.  rend.  1882,  xclv,  1391.  Centralbl.  f.  d. 
med.  Wlssenseh..  1882,  o.  716. 

12.  Chauvean,  A. :  De  la  transmission  des  maladies  vlrulentes 
par  ringestlon  des  prlncipes  virulents  dans  les  yol6s  digestives,  Gaz. 
de  Paris,  xlvil,  1868. 

13.  Klebs,  E. :  Beitrgge  zur  Geschlchte  der  Tuberkulose,  Vir- 
chows  Arch.  f.  path.  Anat..  1868,  xUv,  278.  Zur  Geschlchte  der 
Tuberkulose,  Virchows  Arch.  f.  path.  Anat.,  1870,  xllx,  291. 

14.  Gerlach,  A.  C. :  Ueber  die  Impfbarkeit  der  Tuberkulose  und 
der  Perlsucht  bel  Tleren,  sowle  fiber  die  Uebertragbarkeit  der  let- 
zeren  durch  Ftttterung,  Virchows  Arch.  f.  path.  Anat,  1870,  II,  297. 
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from  tuberculous  cows  by  ingestion  experiments  on  ani- 
mals, and  concluded  that  such  milk  was  dangerous  for 
human  beings.  Chauveau,"  in  1873,  fed  asses,  horses, 
cattle,  and  160  calves,  with  various  kinds  of  tuberculous 
material  for  six  weeks,  and  not  a  single  animal  escaped 
infection. 

HISTOLOGY 

Animal  experimentation  has  also  greatly  advanced 
our  knowledge  of  the  histology  of  tubercle,  and  during 
the  period  from  1862  to  1882  the  animal  experimenta- 
tion method  was  applied  to  its  study,  and  many  experi- 
ments were  made  to  prove  and  disprove  the  specificity  of 
tubercle  from  the  histologic  standpoint.  In  1873  Vir- 
chow^"  considered  giant  cells  a  criterion  of  tuberculous 
tissue,  and  as  late  as  1880  had  reached  the  erroneous 
conclusion  that  Perlsuchi  of  cattle  and  human  tubercu- 
losis were  not  identical,  and  that  bovine  lesions  should 
be  classed  with  lymphosarcoma.  The  findings  of  patho- 
logic anatomy^  however,  were  reversed  by  animal  ex- 
perimentation when  Heidenhain,*^  in  1872,  and  Weiss,^® 
Rustizky^^  and  Zielanko/o  in  1875  to  1878,  proved  by 
experiment  on  animals  that  giant  cells  could  be  produced 
experimentally  with  powdered  glass,  muscle,  bone,  etc., 
and  Cohnheim  and  Salomonsen,^^  in  1877,  from  evi- 
dence based  on  eye  inoculations  in  rabbits,  added  irre- 
futable evidence  to  the  view  that  Perlsuchi  and  human 
tuberculosis;  are  inoculable,  and  are  caused  by  the  same 
virus;  and  established  transmissibility  to  susceptible 
animals  as  the  true  and  only  reliable  criterion  of  the 
tuberculous  nature  of  any  pathologic  lesions.  By  this 
criterion  the  unity  of  scrofulous  and  tuberculous  disease 
in  man  and  animals,  so  long  opposed  by  Virchow,  was 
established. 

Thus  animal  experimentation  demonstrated  beyond 
doubt  the  infectiousness  of  tuberculous  matter  in  man 

15.  Chauveau,  M. :  Rec.  de  m6d.  v6t.,  1872,  1873.  Cited  by  Johne, 
A. :    Die  Geschichte  der  Tuberkulose,  Lelpsic,  1883,  p.  30. 

16.  Virchow,  R. :  Ueber  die  Perlsucht  der  Haustlere  und  deren 
Uebertragung  durch  die  NUhrung,  Berl.  lilin.  Wchnschr.,  1880,  Nos. 
14  and  15.  Die  Uebertragbarkeit  der  Perlsucht  durch  die  NUhrung, 
Virchows  Arch,  f.  path.  Anat.,  1880,  Ixxxii,  550. 

17.  Heldenhaln  :  Ueber  Verfettung  fremder  KOrper,  etc.,  Inaug. 
Diss.,  Breslau,  1872. 

18.  Weiss :  Ueber  der  Blldung  und  Bedeutung  der  RiesenzeUen, 
etc.,  Virchows  Arch.  f.  path.  Anat.,  Ixviii,  67. 

19.  Rustlzky,  J.  von  :  Untersuchungen  tiber  Knochen resorption 
und  Riesenzellen,  Virchows  Arch.  f.  path.  Anat.,  lix,  218. 

20.  Zielanko:  Arch.  f.  mikr.  Anat.,  cxl,  No.  8,  cited  by  Zieglcr: 
Die  Herkunft  der  Tuberkelelemente.   1875. 

21.  Cohnheim  and  Salomonsen :  Sitsungsber.  d.  athles.  Gesellseh. 
f.  vaterl.  Kultur.  July  18,  1877. 


and  cattle^  the  danger  of  tuberculous  sputum  and  milk, 
and  the  identity  of  scrofulous  disease  and  tuberculosis 
in  man,  as  well  as  tuberculous  disease  in  animals,  by 
subcutaneous  injection,  by  inhalation,  and  by  ingestion 
experiments  on  animals,  and  established  the  value  of 
animal  inoculations  in  the  diagnosis  of  suspected  tuber- 
culous disease  (a  method  which  gives  evidence  from 
which  there  is  no  appeal)  before  the  birth  of  bacteriol- 
ogy and  before  the  tubercle  bacillus  was  discovered  by 
Koch. 

Koch^s*^  epoch-marking  paper  on  the  etiology  of  tu- 
berculosis, announcing  his  discovery  of  the  tubercle 
bacillus  as  the  direct  cause  of  all  tuberculous  and  scro- 
fulous diseases  in  man  and  animals,  appeared  in  1882. 
The  unbroken  chain  of  evidence  forged  by  Koch  in  his 
logical  demonstration  of  proof  was  obtained  entirely  by 
carefully  controlled  animal  experiments,  and  gave  the 
world  a  discovery  of  incalculable  importance  to  the 
human  race.  Koch  confirmed  Cohnheim^s  views  as  to 
infectiveness  being  the  best  criterion  of  tuberculous  dis- 
ease, and  by  animal  experiments  established  the  value  of 
microscopic  search  for  the  bacillus  in  diagnosis,  and  the 
identity  of  many  lesions  hitherto  looked  on  as  due  to 
different  diseases  on  account  of  the  marked  differences 
they  presented  both  clinically  and  in  the  pathologic  find- 
ings. He  proved  that  all  contained  the  same  bacillus, 
which,  when  cultivated  outside  of  the  body,  produced  by 
inoculation  in  animals  typical  tuberculous  lesions. 
Miliary  tuberculosis,  fibrous  phthisis,  caseous  pneumo- 
nia, as  well  as  scrofulous  disease  of  glands,  bones,  and 
lupus  of  the  skin,  also  Perlsucht  in  cattle,  he  showed  to 
be  due  to  the  same  cause — the  tubercle  bacillus. 

PROPHYLAXIS,  DIAGNOSIS  AND  THERAPY 

In  1890  Koch^'  demonstrated  by  careful  animal  ex- 
periments the  diagnostic  value  of  tuberculin,  pointed 
out  its  specific  action  on  the  course  of  the  disease  and  on 
tuberculous  lesions,  and  proposed  the  tuberculin  test  as  a 
practical  and  eJBScient  method  of  eradicating  tuberculosis 
from  infected  herds,  and  tuberculin  injections  as  a 
therapeutic  measure  in  the  treatment  of  the  disease  in 

22.  Ko€h,     R. :      Die    Aetlologie    die     Tuberkulose.     Berl.     kiln. 
Wchnschr.,  1882,  No.  16. 

23.  Koch,  R. :   Deutscb.  med.  Wchnschr.,  Nov.  13,  1800.  No.  4ea ; 
Oct.  22,  1891.  No.  43. 
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man.  The  discovery  of  tuberculin  was  entirely  based  on 
animal  experimentation,  and  the  value  of  this  agent  in 
the  control  of  cattle  tuberculosis,  as  an  aid  to  early  diag- 
nosis, of  tuberculosis  in  man,  and  as  a  therapeutic  agent 
in  the  more  chronic  types  of  the  disease,  can  hardly  be 
overestimated. 

Animal  experimentation  has  been  of  incalculable  value 
in  the  diagnosis  of  obscure  cases,  and  in  teaching  where 
the  infectious  material  lurks  and  how  to  formulate 
effective  measures  for  the  prevention  of  the  disease.  By 
animal  experiments  the  infectiousness  of  various  secre- 
tions from  the  tuberculous  was  established.  Edwin 
Klebs,*^  in  1868,  proved  the  infectiousness  of  sputum ; 
Gerlach,^^  in  1870,  the  danger  to  man  from  the  inges- 
tion of  the  milk  of  tuberculous  cows.  Comet's^*  ex- 
haustive animal  experiments  demonstrated  the  danger  of 
dried  sputum,  and  indicated  one  of  the  principal  modes 
of  infection  to  be  by  inhalation  of  dried  particles  of 
expectorated  material  contained  in  dust  from  rooms 
inhabited  by  consumptives.  Flugge,^**  by  animal  experi- 
ments, proved  the  danger  of  droplet  infection  in  the 
immediate  neighborhood  of  the  consumptive  by  the 
spraying  of  small  particles  of  saliva  in  sputum  in  violent 
coughing.  Animal  inoculations  of  the  dust  of  infected 
rooms  have  also  been  used  to  test  the  efficiency  of  the 
measures  to  guard  against  room  infection.  This  was 
done  by  Hance,-^  at  the  Adirondack  Cottage  Sanitarium 
in  1895.  The  entire  system  of  hygienic  care  of  the 
sputum  and  other  discharges  has  been  built  up  on  the 
results  of  animal  inoculations. 

Not  only  have  animal  experiments  been  used  in  dem- 
onstrating where  the  infectious  material  lurks,  but, 
since  the  discovery  of  the  tubercle  bacillus,  the  same 
method  has  taught  us  the  various  channels  by  which  the 
bacillus  gains  access  to  his  host,  and  all  that  we  already 
know  of  the  mechanism  of  infection  and  the  defensive 
resources  of  the  living  organism.  To  Cornet's^*  exhaus- 
tive animal  experiments  we  owe  much  of  our  knowledge 
as  to  the  sources  of  infection  and  the  channels  whereby 
the  tubercle  bacillus  gains  access  to  the  living  organism. 
Through  his  work  on  the  channels  of  infection,  he 
found  that  in  most  cas(^s  the  pathologic  evidence  should 

24.  Cornet,  G. :    Tuberkulose,  Leipslc,  1800. 

25.  Flugge,  G. :   Ztschr.  f.  Hyg.  u.  Infektlonskr.,  18»9,  xxx.  No.  1. 

26.  Hance,  I.  H. :    Med.  Rec.,  Dec.  28.  1895 ;  Feb.  13.  1897. 


furnish  a  clue  to  the  site  of  invasion,  but  that  tubercle 
bacilli  are  able  to  penetrate  the  macroscopically  unin- 
jured mucous  membrane,  and  in  rare  cases  even  the  skin; 
without  leaving  locally  any  evidence  of  their  passage. 
This  has  been  confirmed  by  many  animal  experiments  in 
the  recent  exhaustive  comparative  studies  of  infection 
by  inhalation  and  ingestion  which  have  followed  the 
world-wide  discussion  of  the  relative  infectiousness  of 
bovine  and  human  tuberculosis. 

Cornet^^  concluded  that  inhalation  of  infectious  dust 
was  the  most  frequent  cause  of  infection,  and  that  tuber- 
culous infection  progressed  much  more  generally  by  the 
lymph  stream  than  by  the  blood  stream,  and  was  rather 
a  lymphogenous  than  a  hematogenous  infection. 

Animal  experimentation  has  taught  us  all  we  know 
of  the  complex,  defensive  mechanism  by  which  the  liv- 
ing organism  resists  the  progress  of  bacterial  infection 
and  ultimately  often  heals  the  lesion  and  attains  ac- 
quired immunity.  Inspired  by  Pasteur^s  achievements 
in  the  field  of  acquired  immunity,  Daremberg,^^  Gran- 
cher,  Martin,^®  Ledoux-Lebard,^®  Eichet  and  Heri- 
court,^^  and  others  of  the  French  school  attempted  (with, 
however,  but  indifferent  success)  the  production  of  artifi- 
cial immunization  against  tuberculosis  in  animals. 

The  treatment  of  tuberculosis  by  tuberculin,  as  origi- 
nated by  Koch^^  in  1890,  was  the  first  adaptation  of  the 
knowledge  acquired  by  him  in  artificial  immunization  of 
animals  to  the  treatment  of  tuberculosis  in  man.  In 
America,  Dixon,^^  in  1889,  made  experiments  in  this 
direction  with  attenuated  bacilli;  Trudeau,^^  in  1892, 
produced  a  marked  degree  of  artificial  immunity  in 
rabbits  with  avian  tubercule  bacilli;  and  in  1893  de 
Schweinitz^*  obtained  similar  results  in  guinea-pigs  by 
the  use  of  bacilli  of  human  origin  attenuated  by  pro- 
longed cultivation.    In  1895  Theobald  Smith,^*  by  ani- 

27.  Cornet :    Tuberculosis,   In  Nothnagel's  Practice,  pp.   104-106. 

28.  Daremberg,   G. :    Compt.   rend.  bebd.   Soc.  de  blol.,  Dec.   30, 
1893.  V. 

29.  Grancher  et  Martin :  Congr^s  pour  1  6tude  de  la  Tuberculose. 
1891,  1896. 

30.  Ledoux-Lebard :    Arcb.  de.  m4d.  exp4r.,  1898,  No.  10. 

31.  Ricbet  et  Herlcourt :    Etudes  sur  la  tuberculose,  1891,  ill. 

32.  Dixon,  S.  G. :  Med.  News,  1889,  It  ;  Med.  and  Surg.  Reporter, 
1890,  1x111,  281. 

33.  Trudeau,  E.  L. :    Med.  News,  Sept.  3.  1892. 

84.  De  Scbweinitz,  E.  A. :   New  York  Med.  Jour.,  March  23,  1S93. 
35.  Smitb,  Tbeobald :  Tr.  Astfn.   Am.   Phys.,  1896,   p.  75;   Jour. 
ETxper.  Med.,  1898,  .ill,  .451. 
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inal  experiments,  demonetrated  the  differences  of  viru- 
lence between  human  and  bovine  bacilli,  and  thus 
opened  the  way  for  further  studies  in  cattle  immuniza- 
tion. Pearson  and  Gilliland,^*  by  animal  experiments, 
were  among  the  first  in  America  to  attain  a  high  degree 
of  immunity  in  cattle  by  the  use  of  the  human  type  of 
bacillus.  In  Europe,  during  the  past  decade,  von 
Behring,^^  Koch,^*  Calmette'®  and  their  associates,  by 
extensive  animal  experiments,  demonstrated  the  possi- 
bility of  producing  immunity  by  preventive  inoculations 
in  cattle  of  living  human  cultures,  and  advanced  our 
knowledge  of  this  complex  problem  of  such  overwhelm- 
ing importance  in  man^s  struggle  against  tuberculosis 
to  a  point  which  may  lead  to  its  ultimate  conquest. 

Far-reaching  in  the  saving  of  human  life  as  the  new 
knowledge  of  tuberculosis  is,  it  is  difficult  to  define  ac- 
curately what  it  has  already  accomplished,  because  it 
has  so  recently  been  acquired  and  has,  owing  to  the  vast- 
ness  and  complexity  of  the  problem,  been  as  yet  so  im- 
perfectly applied  to  both  prevention  and  treatment,  and 
because  the  results  offered  by  the  falling  death-rate  are 
in  this  disease  influenced  by  so  many  factors  other  than 
those  which  bear  directly  on  preventive  measures  aimed 
solely  at  the  specific  infecting  agent,  the  tubercle  bacil- 
lus. 

The  death-rate  from  pulmonary  tuberculosis  has  fallen 
steadily  in  most  countries  during  the  last  forty  years, 
notably  in  England,  where  a  decrease  of  50  per  cent, 
has  taken  place  in  that  time.*^  In  many  countries  it  has 
fallen  only  slightly  faster  since  the  discovery  of  the 
tubercle  bacillus  and  the  more  or  less  complete  adoption 
of  preventive  measures,  while  in  others  it  has  fallen 
much  more  rapidly  since  1882,  as  in  New  York  City, 
where  there  has  been  during  the  past  twenty  years  a  re- 
duction in  the  death-rate  from  pulmonary  tuberculosis 
of  nearly  40  per  cent.,*^  and  notably  in  Prussia,*^  where 

36.  Pearson  and  GllUland ;  Philadelphia  Med.  Jour.,  Nov.  29, 
1902,  p.  842. 

37.  Von  Behrlng,  E. :    Beitr.  z.  exper.  Therap.,  1902,  No.  5. 

38.  Koch,  R. :  Schutz,  Nenfeld  and  Miessner :  Ztschr.  f.  Hyg.  u. 
Infection skr.,  1905,  li. 

39.  Calmette  and  Gudrin :  Compt.  rend.  de.  TAcad.  d.  Sc,  1906 ; 
Ann.  de  I'l  ist.  Pasteur,  1908,  xxli,  689. 

40.  Osier's  Modern  Medicine,  ill,  145. 

41.  Handbook  on  Prevention  of  Tuberculosis,  Charity  Organiza- 
tion  Society,  1908,  p.   165. 

42.  Kayserling:    Osier's  Modern  Medicine,  ill,  144. 
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the  death-rate  was  50  per  cent,  less  in  1903  than  in 
1885.  In  some  places,  as  in  Boston,  the  death-rate  dur- 
ing the  twenty  years  preceding  the  discovery  of  the  bacil- 
lus and  the  gradual  adoption  of  preventive  measures 
had  shown  no  inclination  to  fall,  while  during  the 
twenty  years  following  this  discovery  it  has  falleli  mark- 
edly and  continuously.  While  it  is  true  that  the  de- 
crease in  mortality  began  before  any  effective  measures 
aimed  directly  at  the  infecting  agent  had  been  in  force, 
the  steady  and  continuous  decrease  in  the  death-rate 
makes  it  fair  to  assume  that  the  brilliant  results  ob- 
tained have  been  due,  in  part  at  least,  to  the  measures 
which  aim  directly  at  the  limitation  of  the  infection  and 
the  protection  of  the  well  from  tuberculous  dust. 

In  Boston*^  the  death-rate,  which  in  1862  was  42  per 
10,000  living,  after  slight  variations,  in  1882  was  still 
about  the  same;  but  from  1882  to  1902  it  fell  from  42 
to  21  per  10,000,  so  that  during  the  past  twenty-one 
years  the  diminution  in  the  death-rate  from  tuberculous 
disease  in  Boston  has  been  approximately  55  per  cent., 
this  decrease  representing,  in  actual  saving,  14,412  lives. 

The  demonstrable  results  in  preventive  measures 
aimed  solely  at  the  specific  infecting  agent  would  nat- 
urally be  most  noticed  first  in  children,  and  the  results 
in  New  York  City,  where  such  measures  have  been  most 
strictly  enforced,  bring  evidence  in  support  of  the  in- 
fluence of  such  measures  on  the  death-rate  of  tubercu- 
lous meningitis  and  pulmonary  tuberculosis  in  children. 
Dr.  Biggs  points  out  that  "during  the  ten-year  period 
ending  1902  there  has  been  a  decrease  of  more  than  40 
per  cent,  in  the  death-rate  from  pulmonary  tuberculosis 
and  tuberculous  meningitis  in  children  under  15  year? 
of  age  in  New  York  City,  and  that  during  a  period  of 
twenty  years  the  decrease  has  considerably  exceeded  50 
per  cent."** 

The  results  obtained,  however,  must  depend  greatly 
on  the  thoroughness  and  efficiency  of  the  preventive 
measures  adopted,  and  this  perhaps  has  been  best  demon- 
strated thus  far  in  the  observations  of  Dr.  E.  W. 
Philip,*'  of  Edinburgh.  Dr.  Philip,  believing  that  par- 
tial measures  were  of  little  avail,  and  that  effectiveness 
in  preventive  measures  aimed  at  the  control  of  the  dis- 

43.  Massachusetts  State  Committee  International  Confess,  1908, 
p.  119. 

44.  Biggs:   Arcb.  Pedlat.«  May,  1904. 

45.  Pmiip,  B.  W. :    Lecture  before  International  Congress*  190S. 
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ease  depended  greatly  on  cooperation  and  coordination 
of  all  the  agencies  which  tend  to  control  the  infection, 
gradually  instituted  a  more  and  more  comprehensive 
program  in  Edinburgh,  in  which  all  these  agencies  co- 
operated. 

A  stiidy  of  the  death-rate  during  the  last  twenty  years 
in  that  city  bears  witness  to  the  fact  that  the  death-rate 
varies  with  the  thoroughness  with  which  the  preventive 
program  is  carried  out.  The  death-rate  in  Edinburgh 
was  19.5  per  10,000  in  1887.  During  the  next  ten 
years,  when  partial  and  uncorrelated  measures  were  in 
force,  it  fell  from  19.5  to  17,  a  percentage  fall  of  12.82 ; 
but  during  the  following  ten  years,  when  a  more  compre- 
hensive plan  was  adopted,  it  fell  from  17  to  11  per 
10,000,  a  percentage  fall  of  42.1  as  compared  with  12.82 
during  the  preceding  ten  years,  when  a  less  efficient  and 
comprehensive  plan  of  prevention  was  in  force. 

Judging  by  what  has  been  added  to  our  knowledge  of 
tuberculosis  by  animal  experimentation  in  the  past,  it 
seems  not  unreasonable  to  entertain  the  hope  that  its 
ultimate  control  will  be  accomplished  by  knewledge 
acquired  through  the  same  means,  and  will  probably  de- 
pend not  only  on  a  more  thorough  and  comprehensive 
application  of  the  knowledge  already  won,  on  which  all 
preventive  measures  are  based,  but  also  on  the  discovery 
of  some  specific  method  of  immunization  or  treatment — 
a  goal  that  can  be  attained  only  through  continued  and 
painstaking  studies  on  animals. 

NECESSITY  OF  ANIMAL  EXPERIMENTATION  FOR  FURTHEE 

ADVANCE 

From  the  foregoing  review  of  the  history  of  tuberculo- 
sis, it  would  seem  evident  that  everything  that  has  a 
direct  bearing  on  the  prevention  of  tuberculosis,  every- 
thing that  has  changed  mankind^s  attitude  toward  it 
from  one  of  apathy  and  hopelessness,  when  the  infec- 
tious agent  which  produces  tuberculosis  was  unknown 
and  the  disease  was  thought  to  be  inherited  and  always 
fatal,  to  the  growing  hope  of  its  ultimate  conquest — a 
hope  which  has  resulted  in  the  great  antituberculosis 
crusade  spreading  over  the  world  and  culminating  in 
the  late  International  Tuberculosis  Congress  in  Wash- 
ington— we  owe  to  animal  experimentation.  If  it  were 
not  for  the  knowledge  which  science  has  won  by  animal 
experimentation  in  the  field  of  this  disease  in  the  last 
twenty-five  years,  we  should  still  be  plunged  in  the 
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apathy  of  ignorance  and  despair  toward  it  which  for- 
merly prevailed,  and  tuberculosis  would  still  be  exacting 
its  pitiless  toll,  unheeded  and  unhindered.  Were  it  not 
for  animal  experimentation,  the  prospect  of  ultimUtely 
lifting  this  great  burden  of  suffering  and  death  from 
the  human  race  would  be  as  dark  as  it  was  before 
Klencke,  in  1843,  and  Villemin,  in  1865,  succeeded  in 
proving  its  infectious  nature  by  experiments  on  animals 
with  tuberculous  material,  and  thus  paved  the  way  for 
Koch^s  discovery,  in  1882,  of  the  tubercle  bacillus.  The 
many  researches  which  have  flowed  from  the  study  of 
this  germ  have  taught  us  already  how  to  protect  the 
healthy  from  infection  and  are  daily  teaching  us  how  we 
may  restore  to  health  those  already  infected. 

Thanks  to  animal  experimentation,  we  know  to-day 
that  tuberculosis  is  not  inherited;  that  it  is  communica- 
ble and,  therefore,  preventable;  and  that  in  its  earlier 
stages  it  is  curable. 

Animal  experimentation  has  taught  us  already  much 
as  to-  the  different  types  of  the  tubercle  bacillus,  its 
virulence,  the  poisons  it  produces,  and  the  manner  in 
which  it  invades  the  living  organism  and  destroys  it. 
Slowly  but  steadily  animal  experimentation  is  teaching 
us  the  avenues  oi  infection  whereby  the  germ  gains 
access  to  the  organs  of  its  living  host;  what  are  the  de- 
fensive resources  of  the  living  organism;  and  the  deli- 
cate mechanism  whereby  it  combats  the  poison  of  the 
germ,  tries  to  localize  the  bacilli,  to  limit  their  spread, 
and  ultimately  to  destroy  them.  Animal  experimenta- 
tion is  teaching  us  daily  more  of  the  complex  and  deli- 
cate processes  which  bring  about  acquired  and  artificial 
immunity,  and  through  which  the  living  organism  wins 
the  victory  over  the  invading  parasite.  In  the  thorough 
knowledge  and  further  study  of  these  vital  processes  by 
animal  experimentation  lie  the  hope  of  applying  to  the 
protection  of  healthy  human  beings  and  the  cure  of  dis- 
ease, the  knowledge  won  by  science  in  studying  Na- 
ture's methods  of  cure  through  long  years  of  tireless  and 
painstaking  observations  on  animals. 

During  my  lifetime  all  this  knowledge,  so  practical  in 
its  bearing  on  the  saving  of  countless  human  lives,  has 
been  won  by  animal  experimentation.  In  my  own  per- 
sonal experience,  and  as  a  result  of  my  own  observations, 
animal  experimentation  has  led  me  to  conclusions  which 
have  had  a  practical  application  in  the  treatment  of  my 
patients.    In  1886  I  was  able  to  demonstrate  on  animals 
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the  influence  of  a  favorable  environment  on  the  disease. 
Xnocniated  rabbits  placed  under  the  most  unfavorable 
conditions  attainable,  so  far  as  lights  air,  food,  exercise 
and  'surroundings  were  concerned,  succumbed  to  the 
inoculation,  while  those  turned  out  in  the  open  air  on 
an  island  and  supplied  with  abundant  food  recovered, 
with  only  traces  of  the  disease  at  the  site  of  inoculation. 
These  observations  on  animals  increased  my  confidence 
in  the  influence  of  a  favorable  environment  on  the 
course  of  tuberculosis  in  man,  and  confirmed  my  faith 
in  the  value  of  the  sanitarium  and  open-air  method,  of 
which  I  was  then  trying  to  make  a  practical  application 
in  the  establishment  of  the  Adirondack  Cottage  Sani- 
tarium. The  open-air  and  sanitarium  treatment  has 
already  saved  and  prolonged,  and  will  continue  to  save 
and  prolong,  countless  human  lives. 

In  1893  animal  experimentation  gave  me  indubitable 
evidence  that  the  production  of  artificial  immunity 
against  tuberculosis,  which  has  always  been  looked  on  as 
impossible,  wa&  not  as  unattainable  as  was  generally  be- 
lieved, my  vaccinated  rabbits  and  guinea-pigs  showing 
increased  resistance  not  present  in  the  untreated  ani- 
mals; and  this  strengthened  my  faith  in  the  value  of 
continuing  the  study  and  use  of  vaccines  in  the  treat- 
ment of  tuberculosis.  Although  the  progress  made  in 
this  direction  has  been  slow,  the  results  obtained  by 
many  experimenters  in  many  lands  have  been  in  accord 
as  to  the  hopefulness  of  this  line  of  researdi;  the  goal 
has  almost  been  reached  already  in  the  vaccination  of 
cattle  through  the  experiments  of  Koch,  von  Behring, 
Calmette,  McFaydean,  Heymans,  Pearson,  and  others; 
and  the  application  of  vaccines  to  the  treatment  of  vari- 
ous infections  in  the  human  subject  is  extending  and 
giving  encouraging  results. 

The  conquest  of  tuberculosis  in  man  and  animals,  like 
the  conquest  of  smallpox,  of  diphtheria,  of  rabies, 
anthrax,  and  many  other  infections  through  the  produc- 
tion of  some  safe  method  of  artificial  immunity,  seems, 
even  to  those  hitherto  skeptical,  no  longer  visionary  and 
unattainable.  More  knowledge  of  the  infecting  agent, 
its  poisons,  its  methods  of  attack,  the  various  defensive 
resources  of  the  organism  and  methods  that  will  call 
them  into  action,  can  be  obtained  only  by  animal  ex- 
perimentation. 

Inoculation  experimentations  entail  no  greater  suffer- 
ing to  the  animal  than  the  prick  of  a  hypodermic  needle. 
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and  then  a  painless  death  if  it  be  killed,  or  death  from 
tuberculosis  if  it  be  allowed  to  live.  Those  who  cry  out 
against  animal  experimentation  trust  us  with  the  lives 
of  their  families  when  sick,  but  fear  to  trust  us  with 
rabbits  and  guinea-pigs.  Surely  the  motives  of  physi- 
cians who  are  trying  to  learn  how  to  prevent  and  cure 
disease,  when  their  livelihood  depends  on  the  practice  of 
medicine,  can  hardly  be  called  into  question.  Those  who 
in  their  blind  ignorance  or  through  false  sentiment  are 
trying  by  legislative  interference  to  stop  or  to  restrict 
animal  experimentation  do  not,  as  we  doctors  do,  have 
to  witness  daily  the  ravages  of  this  terrible  disease  and 
live  in  the  midst  of  the  suffering  and  sorrow  which 
follow  in  its  wake;  they  seem  to  be  content  that  all  this 
should  continue  indefinitely  so  long  as  they  are  not 
brought  into  contact  with  it. 

The  new  knowledge  of  tuberculosis,  of  such  over- 
whelming importance  to  the  human  race,  a  knowledge 
which  already  gives  assurance  that  generations  to  come 
will  not  die  of  this  disease  to  the  extent  that  former 
generations  have  died,  has  been  won  in  recent  years  by 
animal  experimentation.  For  all  this  is  the  death  of 
any  number  of  guinea-pigs  and  rabbits  too  high  a  price 
to  pay?  Are  we  to  stop  on  the  threshold  of  this  newly 
acquired  knowledge,  and  are  the  fruits  of  ultimate  vic- 
tory to  be  denied  to  humanity?  These  would  seem  ques- 
tions that  could  safely  be  left  to  the  common  sense  of 
unprejudiced  men. 
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which  is  somewhat  conspicuous  by  a  relative  failure  to 
attack  the  poor,  the  overworked,  the  underfed,  and  the 
savage,  but  chooses  a  notable  proportion  of  its  victims 
among  the  well-to-do,  the  well-nourished,  the  well-pro- 
tected against  infectious  diseases,  and  the  indolent.  Can- 
cer is  a  growing  penalty  on  a  one-sided  civilization.  It 
has  as  yet  no  place  in  sanitary  science.  The  most  con- 
servative estimate  must,  therefore,  admit  that  the  situa- 
tion in  regard  to  cancer  is  ominous.  This  disease  is  the 
greatest  of  all  physical  evils  in  the  higher  animal  king- 
dom and  its  unhindered  ravages  constitute  a  stigma  on 
human  intelligence  which  is  not  the  less  genuine  because 
cancer  is  the  most  obscure  and  comprehensive  problem 
of  biology. 

Thoughtful  persons  may  well  ask  what  science  has 
done  and  what  it  is  proposing  to  do  for  cancer. 

In  the  first  place,  science — and  exclusively  medical 
science — has  written  the  natural  history  of  cancer.  How 
it  was  accomplished  has  been  told  by  Wolff^^  in  a  volume 
of  750  pages  in  which  the  labyrinth  of  detail,  depicting 
the  varying  conflict  of  truth  and  error,  does  not  obscure 
the  magnitude  of  the  task,  the  volume  of  labor  expended, 
or  the  fascination  of  the  narrative,  which  covers  18,000 
years  of  human  history.  In  this  story,  one  is  impressed 
by  the  fact  that  cancer  research  has  "been  strictly  limited 
by  the  progress  of  collateral  sciences,  and  that  the  real 
progress  of  our  knowledge  has  been  contributed  by  rela- 
tively few  men  whose  work  was  wholly  beyond  the  reach 
of  the  public  ken  and  whose  results  were  depreciated  or 
ignored  by  a  considerable  portion  of  the  medical  profes- 
sion of  their  day. 

The  natural  history  of  cancer  has  been  very  fully 
written,  and  to  the  surgeon  belongs  the  credit  of  making 
practical  uge  of  this  knowledge.  The  wisdom  of  an 
early  recognition  and  complete  removal  of  cancer  by  the 
knife  is  a  lesson  that  has  been  thoroughly  learned.  Yet 
cancer  is  on  the  increase,  and  it  must  be  seriously 
doubted  if  the  earlier  recognition  of  the  disease  and  more 
effective  removal  will  ever  succeed  in  greatly  reducing 
the  mortality  from  its  present  figures.  From  the  oper- 
ating surgeon  the  cancer  patient  can  hope  only  for  an 
earlier  resort  and  more  frequent  submission  to  the  knife, 
and  it  is  doubtful  if  this  prospect  has  been  any  more 
abhorrent  to  the  patient  than  to  the  surgeon. 

11.  Wolflf :    Die  Lehre  von  der  Krebskrankhelt,  Jena,  1907. 
Wood  &  Co.,  1908. 


Cancer  research  also  up  to  1900  has  offered  little 
encouragement  to  the  victim  of  the  disease.  The  sys- 
tematic study  of  the  cancer  process,  having  vainly  ex- 
hausted its  energy  in  the  parasitic  theory,  had  fallen 
into  a  state  of  hopeless  inertia.  Medical  science  had 
branded  this  field  as  fruitless.  Laboratory  workers  who 
were  looking  for  results  turned  with  dismay  from  the 
uninviting  prospect.  But  in  1902  cancer  research  sprang 
.  into  intense  activity.  New  ideas  riveted  the  attention 
of  laboratory  workers  on  this  subject.  Local,  national 
and  international  societies  were  formed  for  the  study  of 
cancer  along  new  lines.  Broadly  organized  institutions 
supported  by  enlightened  governments,  universities,  and 
men  of  means,  were  established  in  England  and  Ger- 
many for  the  systematic  pursuit  of  the  new  themes. 
Medical  literature  abounded  with  contributions  in  the 
new  field,  and  two  new  journals  were  shortly  established, 
devoted  exclusively  to  this  work.  The  change  has  been 
almost  instantaneous  and  constitutes  nothing  short  of  a 
revolution. 

What  influence  has  been  capable  of  bringing  about 
such  a  change?  It* was  the  introduction  of  animal  ex- 
perimentation into  the  study  of  cancer. 

The  idea  of  transplanting  cancer  from  one  animal  to 
another  was  not  new.  Peyrilhe^^  tried  it  aboijt  1780, 
when  France  was  not  ready  for  such  work.  Surgeons 
had  long  recognized  that  they  never  contracted  cancer 
during  operations  in  such  cases,  and  Alibert^^  found 
that  he  could  not  inoculate  himself  or  his  assistants  with 
the  disease.  Scores  of  observers  had  whollv  failed  in 
many  attempts  to  transfer  the  disease  from  one  animal 
to  another,  so  that  it  was  generally  accepted  that  cancer 
was  not  inoculable.  Yet  in  1889  Hanau's^*  report  of 
the  successful  transfer  of  an  epithelioma  from  one  rat  to 
another  excited  much  passing  interest  in  Germany.  In 
the  same  year,  in  France,  Moreau^'^  had  very  definite 
success  in  eight  out  of  ten  mice  inoculated  with  a  carci- 
noma of  a  mouse,  and  by  1894  he  had  carried  this  tumor 
through  seventeen  generations,  making  the  first  experi- 
mental observations  on  the  influence  of  gestation  and 
heredity  on  tumor  growth.    It  was  not  until  1901  and 

12.  reyrilhe,  cited  by  Wolflf :    Die  Lelire  von  der  Krebskrankheit, 
p.  65. 

13.  Alibert,   cited   by   Pianese :   Beitr.   z.   path.   Arat.   u.   z.   allg. 
Path.   (Zlegler's),  1896,  Suppl.  1. 

14.  Hanau :    Arch.  f.  kiln.  Chlr.,  1889,  xxxix,  678. 

16.  Moreau:  Arch..de.  m4d.  exp6r.  et  d'anat.  path.,  1894,  vl,  677. 
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1902,  when  Loeb^^  in  America  and  Jensen^^  in  Denmark 
reported  their  systematic  studies  of  transplanted  can- 
cers in  rats  and  mice,  that  the  great  importance  of  this 
work  became  recognized.  It  was  now  seen  that  it  was 
possible  by  animal  experimentation  to  study  the  growth 
of  tumors  under  the  exacts  conditions  of  a  laboratory 
experiment.  The  same  methods  which  had  proved  suc- 
cessful with  smallpox,  cholera,  diphtheria  and  tubercu- 
losis were  now  made  available  for  cancer  research. 

Accordingly  the  experimental  study  of  cancer  has 
been  taken  up  energetically  in  England,  Germany, 
France,  Austria,  Japan  and  America,  with  the  result 
that  in  five  years  new  facts  of  first  importance  have  been 
demonstrated  and  the  entirely  new  field  of  cancer  im- 
munity has  been  thrown  open.  It  is  too  early  to  place  a 
final  estimate  on  the  true  value  of  many  of  these  facts, 
but  present  indications  point  out  some  of  the  results  as 
most  significant  and  as  revealing  the  revolutionary  in- 
fluence of  the  experimental  study  of  cancer. 

1.  In  1862  Virchow^^  stated  that  no  human  being 
could  define,  even  under  torture,  exactly  what  a  tumor 
was.  To-day  we  know,  at  least  for  cancer,  that  the  final 
criterion  is  the  capacity  of  a  tumor  cell  to  maintain  an 
independent  existence  when  transplanted  into  an  animal 
of  the  same  species,  and  this  test  has  been  successfully 
employed  in  several  doubtful  cases. 

2.  A  sensational  feature  of  the  recent  studie**  is  the 
demonstration  that  cancer  cells  may  apparently  grow 
forever,  if  suitable  environment  be  provided.  The  Jen- 
sen strain  of  mouse  tumor  has  been  transplanted  through 
several  hundred  generations  over  a  period  of  seven  years 
and  still  shows  undiminished  vitality.  There  is  good 
reason  to  believe  that  a  certain  sarcoma  of  dogs  readily 
transmitted  by  coitus  has  acquired  its  very  great  infec- 
tivity  by  repeated  natural  transfers  in  this  manner  and 
thus  constitutes  a  wholly  new  form  of  parasitism. 

3.  It  has  been  shown  that  the  conditions  under  which 
transplanted  tumor  cells  'will  grow  are  extremely  nar- 
row, vastly  more  so  than  those  governing  the  growth  of 
bacteria.  Haaland's  cancer  grew  well  in  Berlin  mice 
fed  on  milk,  but  when  an  attempt  was  made  to  trans- 
plant this  tumor  into  Copenhagen  mice  of  exactly  the 

16.  Loeb:    Jour.  Med.  Research,  1901,  vl,  28. 

17.  Jensen  :  Centralbl.  f.  Bacteriol.  u.  Parasltenk.,  1903,  xxxiy. 
122. 

18.  Vircliow:    Die  krankbaftcn  Gescbwiilste,  1863,  i,  8. 
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same  species,  but  fed  on  carbohydrates,  great  diflSculty 
was  encountered.  The  slight  difference  in  the  diet  suf- 
ficed to  render  the  soil  refractory.  Such  a  result  en- 
courages the  hope  that  it  may  prove  possible  to  influence 
the  growth  of  established  tumors  by  practical  therapeu- 
tic measures,  although  previously  there  seemed  to  be  no 
ground  for  such  a  hope. 

4.  The  question  of  the  spontaneous  cure  of  malignant 
tumors  had  long  been  debated  and  remained  uncertain 
until  such  spontaneous  regression  had  been  repeatedly 
observed  in  transplanted  tumors  of  mice,  rats  and  dogs. 
This  observation  was  so  contrary  to  the  well-established 
belief  that  malignant  tumors  never  spontaneously  re- 
gress that  its  occurrence  in  lower  animals  was  at  first 
vigorously  denied,  and  only  repeated  demonstration  com- 
pelled its  final  acceptance. 

5.  Most  significant  is  the  discovery  that  there  is  such 
a  condition  as  immunity  to  cancer.  Most  animals  that 
have  recovered  from  tumors  either  spontaneously  or 
after  incomplete  operation  are  thereafter  immune  to 
cancer.  Not  only  may  this  immunity  be  established 
after  spontaneous  cure,  but  it  has  been  artificially  in- 
duced by  inoculation  with  extracts* of  normal  mouse 
organs  and  embryos.  It  is  hardly  possible  to  over- 
estimate the  importance  of  this  discovery,  since  it  at 
once  takes  cancer  from  a  realm  of  baffling  obscurity  and 
places  it  in  much'  the  same  position  as  the  infectious 
diseases.  The  nature  of  this  immunity  is  very  complex. 
New  methods  must  be  devised  for  its  study,  but  the  pos- 
sibility of  perfecting  these  methods  exists  and  solely  as 
the  result  of  animal  experimentation. 

6.  After  repeated  transplantation  cancers  have  been 
found  to  increase  in  rapidity  of  growth  and  in  the  capac- 
ity to  survive  transplantation;  i.  e.,  they  acquire  in- 
creased virulence.  This  wholly  unexpected  result,  which 
might  appear  to  be  of  no  practical  significance,  has  been 
used  to  produce  artificial  immunization,  for  by  vacci- 
nating an  animal  with  a  feeble  strain  of  tumor  from 
which  it  recovers,  the  animaf  becomes  immune  to  the 
most  malignant  cancers.  The  principle  of  a  preventive 
treatment  of  cancer  has  thus  been  disclosed. 

7.  Medical  science  has  spent  many  years  and  much 
labor  in  the  vain  effort  to  discover  a  parasite  of  cancer. 
Even  recently  it  has  been  feared  that  cancer  patients 
were  a  menace  to  their  neighbors,  and  that  the  houses  of 
cancer  victims  should  be  burned.    But  the  experimental 
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study  of  tumors  has  greatly  strengthened  the  view  that 
cancer  is  not  a  contagious  disease,  that  its  exciting  cause 
cannot  be  a  readily  transmissible  parasite,  and  that  the 
long-looked-for  cancer  parasite  is  the  cancer  cell.  The 
field  of  research  has,  therefore,  been  narrowly  defined, 
and  it  is  not  likely  that  the  enthusiastic  search  for  a 
specific  cancer  parasite  will  soon  again  assume  the  domi- 
nant position  it  once  occupied. 

8.  The  relation  of  heredity  to  malignant  tumors  has 
formed  a  vital  chapter  in  cancer  research,  but  based  on 
the  uncertain  observations  of  family  histories  the  most 
divergent  views  on  this  subject  are  extant,  and  exact 
knowledge  abdut  the  nature  of  any  hereditary  influence 
in  tumor  growth  is  lacking.  Are  the  offspring  of  two 
cancerous  parents  especially  liable  to  develop  the  dis- 
ease, and,  if  so,  to  what  extent,  and  what  course  will  the 
disease  take?  No  one  knows.  Yet  the  early  observa- 
tions of  Moreau  bore  directly  on  this  subject,  and  in  the 
short-lived  mouse  it  is  possible  to  devise  experiments  of 
reasonable  time-span  which  will  definitely  settle  some 
of  these  questions.  In  several  laboratories  such  experi- 
ments are  already  well  advanced,  with  preliminary  re- 
sults of  great  interest  and  importance. 

9.  The  rational  cure  of  established  cancer  in  man 
remains  a  problem  for  the  future.  Mice  have  been  cured 
by  serum  therapy,  and  in  nine  consecutive  cases  a  ma- 
lignant sarcoma  in  dogs  has  been  cured  by  bleeding  the 
animal  and  transfusing  it  with  the  blood  of  dogs  im- 
munized to  this  tumor.  But  the  cure  of  advanced  cancer 
in  a  human  being  presents  many  peculiar  difficulties.  It 
may  be  unsafe  to  make  any  predictions,  but  it  is  cer- 
tainly legitimate  to  claim  that  the  therapeutic  principles 
established  in  lower  animals  will  prove  applicable  in 
some  form  to  man  for  cancer  as  for  diphtheria.  Hence 
we  may  endorse  the  statement  of  Ehrlich,^®  that  the  be- 
ginning of  the  end  of  the  cancer  problem  is  in  sight. 
By  the  systematic  pursuit  of  the  principles  of  cancer 
growth  and  immunity  already  discovered  by  means  of 
aninjal  experimentation  we  may  confidently  hope  to 
prevent  some  cancers,  to  check  others,  and  greatly  to 
reduce  the  incidence  and  mortality  of  this  disease. 

These  are  some  of  the  pi'actical  results  of  the  new 
era  of  experimental  cancer  research.     From  the  stand- 

19.  Ehrlich  :  Arb.  a.  d.  k.  Inst.  f.  exper.  Tberap.  zu  Frankfurt 
a.  M.,  Jena,  1906,  p.  78. 
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point  of  rational  therapeutics  the  results  of  five  years* 
work  by  the  experimental  method  overshadow  those  of 
the  thousand  years  pteceding.  Medical  history  offers 
no  similar  demonstration  of  the  wisdom  of  absolute 
freedom  for  science  in  the  use  of  animal  experimenta- 
tion. Thousands  on  thousands  of  fruitless  efforts  ex-, 
tending  over  at  least  a  century  were  made  to  transplant 
tumors  before  a  single  definite  su-ccess  was  secured.  Yet 
it  is  said  that  needless  repetition  of  experiments  ought 
to  be  checked.  Moreover,  these  results  have  not  been 
reached  without  bitter  controversy.  Every  step  of  the 
way  has  been  energetically  contested.  Many  loudly  pro- 
claimed that  the  experimental  tumors  of  lower  animals 
were  not  true  cancers.  Yet  it  is  now  known  that  every 
essential  property  of  human  cancer  is  exhibited  by  the 
cancers  of  mice,  rats,  and  dogs.  The  immediate  re- 
quirements of  the  practicing  surgeon,  and  some  theo- 
retical burdens  of  the  physiologist  and  biologist  and  of 
other  scientists  interested  in  cancer,  have  perhaps  not 
been  affected  in*  a  startling  manner,  so  that  in  some 
quarters  appreciation  of  the  true  value  of  this  work  may 
be  slow.  In  the  rear  of  every  army  of  progress  there  is 
a  scattered  following  of  disaffected  non-combatants,  and 
modern  cancer  research  has,  therefore,  been  pronounced 
wholly  fruitless  by  s5me  uninformed  persons. 

To  all  critics,  whether  helpful  or  destructive,  the  an- 
swer must  be  that  there  is  no  prophet  directing  cancer 
research.  No  doubt  posterity  will  be  able  to  look  back 
to  the  beginning  of  the  twentieth  century  and  point  out 
that  this  or  that  piece  of  work  was  not  in  the  direct  line 
of  progress.  But  here  and  now  the  most  mature,  al- 
though uninspired,  human  judgment  says  that  genuine 
progress  has  been  made  into  the  dark  domain  of  cancer 
pathology  by  means  of  the  experimental  method;  that 
this  knowledge  could  be  acquired  in  no  other  way;  and 
that  these  principles  must  be  mastered  before  the  cure 
of  human  cancer  can  be  devised  or  attempted.  Some 
critics  seem  to  assume  that  the  concentration  of  interest 
on  the  experimental  studies  has  distracted  attention 
from  other  equally  important  branches  of  the  subject. 
But  not  the  least  valuable  result  of  the  experimental 
work  has  been  the  renewed  impetus  given,  and  the  new 
view  provided  for  the  investigation  of  such  topics  as  the 
inceptio^^  tumor  growth,  the  laws  of  nutrition  of 
tumor  c^^and  the  influence  of  neoplasms  on  the  body. 
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Iij  view  of  the  great  significance  of  cancer  for  the 
animal  kingdom,  especially  for  man,  and  of  the  sudden 
transformation  of  the  gloomy  aspects  of  the  problem 
wrought  by  the  introduction  of  the  experimental  method 
into  this  field,  what  is  the  duty  of  the  layman  toward 
animal  experimentation  and  cancer?  Who  may  dare  to 
lay  obstacles  in  the  way  of  this  progress,  or  to  obstruct 
the  ray  of  hope  that  begins  to  shine  for  the  victim  of 
cancer?  In  America  the  workers  in  this  and  allied 
subjects  look  forward  with  confidence  to  the  moral  sup- 
port of  every  intelligent  person,  and  even  anticipate 
that  men  of  large  minds  and  large  means  will  come 
forward  and  adorn  the  land  with  one  thoroughly  organ- 
ized and  fully  equipped  institution  for  cancer  research. 

Department  of  Pathology,  Cornell  University  Medical  College. 
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Is  man  morally  justified  in  causing  animals  pain,  and, 
if  so,  under  what  conditions?  This  is  the  moral  issue 
raised  by  the  practice  of  animal  experimentation.  The 
attitude  of  the  average  person  on  this  question  is  no 
doubt  more  likely  to  be  determined  by  temperamental 
bias  and  accidental  prejudice  than  by  any  clear  vision  of 
fundamental  principles.  Nevertheless,  it  seems  worth 
while  in  this  day  of  increasingly  bitter  controversy  over 
the  experimental  use  of  animals  to  inquire  somewhat 
closely  into  the  ethics  of  the  case. 

Historically,  we  find  two  fundamentally  divergent 
views  entertained  on  the  general  subject.  Most  widely 
prevalent — and  sanctioned  at  one  time  or  another  by 
religious  practices  among  all  peoples — is  the  view  that 
man  is  the  overlord  of  the  animals  and  may  use  them 
for  his  pleasure  and  profit,  even  to  the  point  of  robbing 
them  of  life.  This  view  undergoes  much  softening  and 
is  hedged  about  with  humanitarian  restrictions  among 
the  more  highly  civilized  races.  Over  against  this  is  the 
belief  that  man  has  no  right  to  take  animal  life  or  cause 
animal  suffering.  Buddhism,  with  its  belief  in  the  trans- 
migration of  souls,  is  the  great  religious  embodiment  of 
tliis   view,  although  it  has  perhaps   seldom  gained  a 


strictly  consistent  execution  in  practice.  In  estimating 
the  import  of  this  radical  discrepancy  in  moral  princi- 
ples, one  naturally  looks  to  the  origin  of  moral  belief  as 
possibly  affording  illumination. 

Moral  principles  have  generally  derived  'their  power 
over  human  action  from  one  or  more  of  three  distinct 
sources:  (1)  They  have  been  accepted  as  embodying 
divine  law  implanted  in  the  consciousness  of  each  indi- 
vidual, or  revealed  through  the  inspiration  of  holy  men. 
This  is  the  intuitive  view  of  morals.  (2)  They  have 
rested  on  custom,  law,  or  social  and  political  usage.  This 
is  the  traditional  view.  (3)  They  have  been  justified  by 
the  happiness  and  social  welfare  which  it  is  believed 
follow  on  obedience  to  them.    This  is  the  scientific  view. 

Under  no  one  of  these  conceptions  of  the  origin  of 
morality  do  we  find  immediate  and  unambiguous  guid- 
ance in  the  problem  of  animal  experimentation.  Eeligi- 
ous  teaching  is  equivocal.  Certainly  most  of  it  sanctions 
the  taking  of  animal  life,  and  the  consciences  of  primi- 
tive people  at  least  seem  to  cause  them  no  distress,  even 
when  thev  torture  dumb  creatures.  Custom  has  varied 
among  different  races,  but,  in  the  main,  has  undoubtedly 
favored  the  treatment  of  animals  in  accordance  with  the^ 
unbridled  wishes  of  man.  Even  among  civilized  peoples, 
gelding,  dehorning  and  other  mutilations  of  animals  are 
countenanced  under  conditions  which  unquestionably 
occasion  much  suffering.  At  the  present  time  contro- 
versy is  carried  on  almost  wholly  under  the  ruling  con- 
ceptions of  the  third  division — i.  e.,  the  issue  is  argued 
as  one  of  fact  concerning  the  consequences  of  animal 
experimentation.  In  any  event,  this  is  the  only  point  at 
which  argument  may  hope  to  convince  the  open-minded, 
one  way  or  the  other.  Obviously,  the  argument  from 
custom  proves  nothing  and  convinces  nobody.  The  man 
who  believes  in  the  transmigration  of  souls  between 
human  and  animal  forms  cannot  be  dealt  with  in  the 
limits  of  this  paper,  but  in  the  Anglo-Saxon  world,  at 
least,  he  is  to  all  intents  and  purposes  non-existent. 
'  Certainly  the  great  mass  of  modern  critics  of  experi- 
ments on  animals  do  not  rest  their  case  on  anv  such 
foundation.  They  assert  that  needless  pain  is  an  unmiti- 
gated evil,  and  that  its  gratuitous  and  intentional  causa- 
tion is  a  sin  and  a  crime.  They  allege  that  animal 
experimentation  is  (1)  not  justified  by  any  results  it 
has  yet  attained  and   (2)   that  it  is  demoralizing  and 


brutalizing  in  its  influence,  both  on  those  who  conduct  it 
and  those  who  observe  it. 

Certain  more  conservative  critics  urge  that,  although 
its  occasional  employment  has  resulted  in  justifying 
benefits  both  to  ma©  and  the  animals,  it  is  done  far  too 
extensively,  is  done  when  the  results  cannot  possibly 
justify  it,  and  done  carelessly  and  with  indecent  disre- 
gard of  all  the  humanities.  Clearly,  this  is  an  indict- 
ment drawn  on  alleged  facts,  and  no  verdict  can  be 
rendered  without  an  examination  of  the  facts. 

If  it  be  granted,  however,  that  the  experimental  proce- 
dure is  ever  justified  by  its  results,  the  basal  ethical  issue 
is  closed.  It  only  remains  to  make  sure  that  in  a  given 
case  the  warrant  is  certainly  adequate,  that  the  minimum 
of  pain  is  caused  the  creatures  used,  and  that  the  indi- 
rect effects  on  the  public  and  on  students  are  not  such  as 
to  augment  the  spirit  of  cruelty  or  insensitiveness  to 
suffering. 

Fortunately,  or  otherwise,  we  have  no  calculus  by 
which  we  can  estimate  the  amount  of  pain  caused  an 
animal  by  a  given  experimental  operation,  or  the  amount 
of  suffering  saved  to  other  creatures  as  a  possible  result 
of  its  sacrifice.  But  with  the  literally  inestimable  bene- 
fits which  are  daily  being  reaped  in  the  prevention  of 
smallpox  and  in  the  amelioration  or  prevention  of  diph- 
theria— to  mention  only  these  two  cases,  out  of  a  rapidly 
lengthening  list — it  is  difficult  to  understand  how  any 
one  can  honestly  frame  a  sweeping  indictment  of  opera- 
tions on  animals  to  which  these  victories  and  others  like 
them  are  unquestionably  due. 

As  a  matter  of  fact,  the  case  is  somewhat  complicated 
in  the  public  mind  by  the  appearance  among  the 
extremer  critics  of  not  a  few  gentlemen  who  sign  them- 
selves M.D.,  and  who  claim  a  professional  knowledge  of 
the  details  of  the  case.  To  be  sure,  the  overwhelming 
majority  of  medical  men,  including  all  the  great  leaders 
of  the  profession  and  all  the  great  medical  organizations, 
are  staunch  defenders  of  animal  experimentation. 

It  would  be  ridiculous  to  pretend  that  all  operations 
on  animals  have  such  striking  justification,  either  in 
purpose  or  in  result,  as  those  which  led  to  the  discovery 
and  perfection  of  vaccine  or  antitoxin.  Many  of  them 
frankly  fail  to  result  in  immediate  scientific  progress, 
and  many  are  done  for  purposes  of  instruction,  the 
beneficent  results  of  which  are  always  uncertain  and 
frequently  long  deferred.    But,  as  has  been  said  above. 


the  fundamental  ethical  issue  is  closed,  once  it  be 
granted  that  there  are  any  conditions  under  which  ani- 
mal experimentation  is  justified.  The  problem  which 
remains  is  simply  that  of  determining  the  circumstances 
and  conditions  which  warrant  particular  forms  of  the 
method. 

Just  at  this  juncture  arises  a  peril  which  medical  men 
justly  fear.  Who  shall  determine  what  precautions  are 
to  be  thrown  around  animal  experimentation,  who  shall 
be  allowed  to  undertake  it,  and  what  circumstances  shall 
be  held  to  justify  it?  At  this  point  the  opportunity 
opens  for  unintelligent  and  officious  interference  such  as 
might  well  jeopardize  medical  advance  for  a  generation 
to  come.  It  is  sincerely  to  be  hoped  that  sentimental 
considerations,  however  honestly  intended,  will  not  be 
allowed  to  rob  those  most  able  to  judge  wisely  and  fairly 
of  these  matters,  of  the  power  of  control,  which  should 
be  in  their  hands. 

When  we  inquire  what,  in  a  practical  way,  honest  and 
humane  people  would  consider  sufficient  justification  for 
experimental  operations  on  animals  we  meet  all  the  vaga- 
ries of  personal  idiosyncrasy.  For  one,  only  the  saving 
of  human  or  animal  life  in  large  numbers  would  justify 
the  procedure.  For  another,  adequate  reason  would  be 
found  in  a  mere  lessening  of  pain,  even  though  the  ques- 
tion of  death  were  not  involved.  For  still  another,  any 
advance  in  scientific  knowledge  which  might  in  the 
future  conceivably  conduce  to  human  or  animal  welfare 
would  afford  sufficient  justification.  Evidently  we  are 
here  plunged  in  the  waters  of  casuistry,  where  it  is  hope- 
less to  follow.  Biologic  scientists  generally  hold  the 
third  view  mentioned.  Probably  the  rank  and  file  of  the 
lay  public  would  espouse  the  second  view;  while  a  few 
sensitive  souls,  especially  those  of  vegetarian  proclivities, 
hold  the  first  view.  Finally,  in  a  still  smaller  group,  are 
those  extremists  who  will  hear  of  nothing  but  the  abso- 
lute prevention  of  animal  experimentation. 

Those  who  approve  animal  experimentation  at  all, 
except  perhaps  men  of  science,  are  no  doubt  moved  by 
the  same  general  motives  which  lead  us  to  approve  what- 
ever is  customary  and  familiar.  We  harness  the  horse 
and  force  him  to  work  for  us,  whether  he  likes  it  or  not. 
We  rob  the  cow  of  her  calf  that  we  may  ourselves  enjoy 
her  milk.  In  like  manner  we  rob  the  hen  of  her  eggs 
and  think  no  worse  of  ourselves  for  the  larceny;  and, 
finally,  we  wind  up  our  tale  of  coercion  by  a  ruthless 


slaughter,  for  food  or  sport,  of  both  bird  and  beast,  wild 
and  domesticated  alike.  With  such  customs  in  vogue 
about  us,  it  is  not  strange  that  most  persons  should  lend 
a  willing  ear  to  the  defenders  of  properly  controlled 
experiments  on  animals.  The  only  wonder  is  that  so 
many  persons  have  been  willing,  on  imperfect  and  mis- 
leading evidence,  to  countenance  and  even  endorse  the 
advocacy  of  repressive  measures  of  the  most  drastic  sort 
— measures  entirely  unwarranted  when  judged  by  the 
prevalent  practices  in  the  treatment  of  animals  in  every 
other  human  relation.  Not  that  one  would  wish  to  jus- 
tify a  bad  practice  because  other  worse  ones  were  in 
operation.  But  when  one  takes  a  sensational  account  of 
the  torturing  of  animals  in  some  surgical  laboratory, 
and  judges  the  case  without  any  regard  to  an  examina- 
tion of  the  precautions  taken  to  secure  anesthesia  for  the 
animal,  and  without  any  regard  to  the  prevalent  ethical 
sense  concerning  the  extent  to  which  animals  may  be 
sacrificed  for  human  welfare,  one  obtains  a  morally  dis- 
torted and  unbalanced  point  of  view,  from  which  no  sane 
judgment  can  be  expected  to  emanate. 

In  the  main,  modern  opinion  cannot  be  made  to  take 
seriously  the  view  that  all  animal  life  should  be  sacred. 
As  soon  as  the  mosquito  was  convicted  of  responsibility 
for  yellow  fever  and  malaria  his  days  among  civilized 
men  were  numbered.  He  was  always  a  nuisance.  Now 
he  is  a  homicidal  criminal.  It  may  take  some  time  to 
exterminate  him,  but  he  can  no  longer  find  any  intelli- 
gent human  defender.  Let  us  hope  that  the  fly  will 
similarly  be  put  under  an  everlasting  ban.  Assuredly 
his  responsibility  in  the  matter  of  typhoid  and  other 
filth  diseases  has  been  abundantly  demonstrated.  Poison- 
ous serpents  and  vermin  of  all  sort  have  long  ceased  to 
enjoy  any  considerable  immunity  from  slaughter.  In  a 
practical  way,  insects  are  apt  to  be  thought  of  as  being 
outside  the  pale  of  ordinary  humanitarian  consideration ; 
but  if  one  is  going  to  inquire  seriously  into  the  ethics  of 
our  human  relations  to  animal  forms,  one  must  recognize 
that  the  justification  for  protecting  insect  life  is  neither 
greater  nor  less  than  that  for  protecting  the  higher  ani- 
mals, provided  any  of  them  menace  human  welfare. 
And  if  interference  with  their  lives  be  permitted  on  the 
ground  of  human  welfare,  the  avenues  are  at  once  open, 
so  far  as  morality  is  concerned,  to  the  various  forms  of 
operations  on  animals. 


The  trend  of  modern  opinion  among  civilized  people 
is  unquestionably  toward  a  more  drastic  application  of 
the  principle  of  the  right  of  society  to  protect  itself. 
The  criminal  is  punished  not  primarily  in  retribution, 
but  in  order  that  society  may  not  suffer  further  his  evil 
doings.  Temperance  legislation,  whether  wise  or  not,  is 
designed  not  only  to  help  the  drunkard,  but  particularly 
to  remove  temptation  from  the  path  of  the  innocent. 
Quarantine  is  possibly  the  best  illustration  of  protective 
social  interference  with  individual  freedom.  Often  the 
isolation  of  a  patient  suffering  with  contagious  disease 
may  operate  to  endanger  his  life.  But  the  danger  to  the 
community  arising  from  failure  to  isolate  him  is  com- 
monly adjudged  a  greater  evil.  And  so  at  the  risk  of 
harm  to  the  patient  the  community  protects  itself.  How 
much  more,  then,  for  people  who  assent  to  the  logic  of 
this  principle  and  to  its  moral  justification,  should  the 
use  of  animals  seem  warranted,  when  such  use  can  bo 
made  widely  contributory  to  the  decrease  of  suffering, 
both  human  and  animal?  Of  course,  if  one  entertains 
the  "Christian  Scientist'^  view  of  the  illusive  character 
of  pain  and  disease,  all  these  conclusions  fall  to  the 
ground.  But,  on  the  same  principle,  there  would  be  no 
justification  for  doing  away  with  the  mad  dog  and  the 
venomous  serpent.  And,  in  any  case,  the  "Christian 
Scientist"  is  not  likely  to  be  influenced  by  any  ordinary 
considerations  on  this  matter,  either  one  way  or  the 
other. 

Not  only  is  the  right  of  society  to  protect  itself  against 
crime  and  disease  gaining  daily  a  wider  recognition,  it  is 
also  true  that  the  public  is  coming  to  a  juster  apprecia- 
tion of  the  relation  of  science  to  social  welfare.  Science 
has  too  long  masqueraded  in  the  popular  mind  as  a 
realm  of  impractical  theory,  touching  the  life  of  the 
common  man  only  in  the  most  remote  way. ,  The  con- 
temporary world  appreciates  increasingly  the  fallacious 
character  of  this  view.  In  industry,  in  commerce,  in 
medicine,  and  even  in  government  itself,  the  scientific 
knowledge  of  yesterday  is  the  basis  of  the  practical 
device  of  to-day.  Science  is  simply  the  intellectual 
aspect  of  social  progress,  and,  when  this  conception  is 
still  more  familiar  than  it  is  at  present,  we  shall 
hear  less  of  the  merely  scientific  interest  in  animal 
experimentation,  as  though  there  were  any  genuinely 
scientific  interest  which  could  escape  contribution  to 
social  advance.    Certainly,  biologic  science,  quite  as  well 


as  pure  medicine,  ought  to  be  given  freedom  to  pursue 
its  researches  in  the  general  interests  of  mankind,  with 
such  methods  'as  may  commend  themselves  to  investiga- 
tors. To  obstruct  biologic  science  by  a  general  prohibi- 
tion of  experiments  on  animals,  or  to  obstruct  any  other 
science  by  proscribing  approved  methods,  is  to  sin 
against  the  light  and  to  turn  back  the  hands  of  progress. 
No  thoughtful  person  is  likely  seriously  to  commend 
such  a  course. 

The  question  as  to  the  moral  effect  of  the  practice  of 
animal  experimentation  on  persons  who  engage  in  it  or 
observe  it  is  difficult  to  dispose  of  effectively.  Undoubt- 
edly most  persons  feel  a  squeamishness  about  their  first 
operation  on  an  animal,  which  later  on  they  lose,  and  the 
critic  of  the  practice  is  likely  to  interpret  this  fact  as 
meaning  that  the  practitioner  has  become  callous  and 
indifferent  to  suffering.  I  see  no  reason  to  deny  that 
this  result  may  occasionally  occur.  But  in  every  reputa- 
ble laboratory  the  usages  are  as  humane  as  the  circum- 
stances will  permit,  anesthesia  is  the  universal  practice, 
and  it  is  perfectly  fcertain  that  the  total  amount  of  suf- 
fering which  the  animals  undergo  is  negligible  in  com- 
parison with  that  which  confronts  most  of  them  in  a 
state  of  nature.  Moreover,  a  loss  of  the  original  squeam- 
ishness is  by  no  means  synonymous  with  a  loss  of  practi- 
cal tender-heartedness.  It  may  act  simply  to  insure  a 
steadier  and  prompter  hand,  with  a  corresponding 
decrease  in  the  length  of  time  occupied  by  the  operation 
and  an  increased  chance  of  a  favorable  outcome.  It 
should  be  remembered,  too,  that  the  selfish  interests  of 
the  operator  almost  inevitably  and  invariably  make  it  to 
his  advantage  that  the  animal  should  suffer  as  little  as 
possible,  in  order  that  its  vigor  and  vitality  may  be  at 
the  maximum.  It  should  also  be  added  that,  just  as 
many  surgeons  are  most  tender-hearted,  despite  their 
apparent  indifference  to  the  suffering  of  their  patients, 
so  many  men  who  do  a  large  amount  of  operating  on 
animals  are  keenly  alive  to  the  welfare  of  their  animals. 
But  even  if  all  experimenters  were  hardened  by  their 
work  into  a  disregard  of  animal  pain,  society  might  still 
pronounce  the  value  of  their  results  to  outweigh  this 
drawback.  In  the  larger  view  which  looks  to  the  ulti- 
mate welfare  of  society  as  a  whole,  such  men  are  among 
its  most  valuable  humanitarian  members,  whatever  their 
personal  attitude  toward  the  animals  with  which  they 
work. 
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In  conclusion,  then,  it  may  be  said  that  we  find  no 
obstacle  to  the  practice  of  animal  experimentation  in  any 
intuitive  moral  convictions,  nor  in  the  traditional  moral- 
ity of  our  own  race.  When  we  try  to  estimate  its  justi- 
fication in  terms  of  its  results,  we  find  that  it  has  pre- 
cisely the  same  kind  of  warrant  as  that  which  attaches  to 
all  our  great  social  enterprises,  in  each  of  which  we  are 
ready  to  sacrifice  a  lesser  good  for  a  greater  good,  and 
are  willing  to  encounter  a  moderate  evil  in  order  to 
escape  a  greater  evil.  For  the  sentimentalist,  to  whom 
all  thought  of  gratuitous  suffering  is  abhorrent,  probably 
no  argument  can  ever  avail  to  justify  certain  forms  of 
experimemtal  procedure.  On  the  other  hand,  to  the  man 
familiar  with  the  revolutionary  advances  in  science  and 
medicine  which  have  originated  in  the  experimental  use 
of  animals  its  condemnation  seems  the  last  word  of  a 
pernicious  insanity.  To  the  great  public,  representing 
the  intermediary  between  these  extremes,  it  is  to  be 
hoped  that  a  calm  and  discriminating  judgment  may  be 
vouchsafed,  and  one  which  takes  into  account  all  angles 
of  the  case.  In  the  long  run  we  have  confidence  in  the 
integrity  of  our  public  judgments  on  moral  issues.  In  a 
case  so  serious  as  this,  we  need  the  highest  degree  of 
deliberation,  sobriety,  and  intelligence. 
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In  subjecting  to  a  careful  analysis  the  results  that 
have  accrued  from  animal  experimentation  it  is  not  easy 
to  separate  many  of  those  which  have  benefited  brute 
creation  from  those  which  have  tended  more  or  less 
directly  to  alleviate  some  form  of  human  suffering.  The 
animal  experiments  which  led  to  the  discovery  of  the 
facts  that  form  the  basis  of  our  present  knowledge  of 
the  action  of  the  heart,  the  circulation  of  the  blood,  the 
mechanism  of  respiration,  the  functions  of  the  various 
organs,  the  action  of  drugs,  the  causes  of  epizootics  and 
the  effects  of  different  foods,  are  generally  omitted  in 
pointing  out  the  extent  and  value  of  our  knowledge  of 
these  vital  subjects.  As  the  life  conditions  of  lower 
animals  have  been  greatly  benefited  by  the  acquisition  of 
knowledge  derived  from  such  experiments,  it  is  not 
unnatural  that  those  interested  in  the  well-being  of 
domesticated  animals  should  not  .only  wish  to  continue 
but  also  to  add  to  these  benefits  by  the  use  of  methods 
already  demonstrated  to  be  efficient.  On  the  other  hand, 
the  supporters  of  the  propaganda  against  animal  experi- 
mentation wish  the  work  to  be  discontinued.  In  their 
arguments  they  fail  to  take  into  account  the  source  of 
the  very  knowledge  of  physiology  and  pathology  which 
they  are  pleased  to  possess,  denounce  the  methods  by 
which  it  was  acquired  and  imply  that  we  already  possess 
sufficient  information  on  subjects  of  this  kind. 

In  the  endeavor  to  ascertain  the  rightfulness  of  ani- 
mal experimentation  or  to  justify  its  continuance,  we 
are  confronted  at  the  outset  with  certain  basic  questions, 


the  answers  to  which  must  determine  whether  or  not  the 
routine,  the  investigations  and  the  research  which 
involve  animal  experimentation  shall  or  shall  not  be 
stopped.  These  questions  are:  Shall  the  process  of 
evolution  of  the  knowledge  of  physiology  and  the  dis- 
eases of  animals  and  their  prevention  be  arrested  ?  Shall 
eflScient  methods  of  treatment  be  discarded?  Shall  the 
domesticated  animals,  dependent,  as  they  are,  on  man  for 
their  protection,  be  subjected  for  future  generations  to 
the  merciless  cruelty  of  bacterial  and  protozoan  diseases 
without  the  application  of  known  methods  to  prevent 
them  ?  Shall  the  animal  industry  of  the  country  suffer 
continuously  great  losses  from  disease  and  death  of  ani- 
mals because  the  methods  of  preventing  them  may  cost 
the  lives  of  a  few  individuals?  Shall  our  export  trade 
in  animal  products,  which  is  carried  on  only  because  of 
the  slaughter  of  millions  of  cattle,  hogs  and  sheep,  be 
interrupted,  with  all  the  attending  consequences  of  this 
interruption  in  order  to  save  the  lives  of  a  few  experi- 
menta]  animals?  In  the  interest  of  commerce,  humanity 
and  the  animals  themselves,  the  answer  to  each  and  all 
of  these  questions  seems  to  be  one  and  the  same — no, 
emphatically  no. 

The  spirit  which  dominates  the  work  involving  animal 
experimentation  is  the  desire  to  add  to  our  common 
knowledge  new  and  important  facts  that  will  make  pos- 
sible the  formulation  of  more  efficient  methods  for  pre- 
venting suffering  and  loss  by  death  in  the  dumb  crea- 
tion. All  further  knowledge  or  better  understanding  of 
the  subtle  forces  of  Nature  that  produce  disease  and 
death  in  animals  must  be  attained  through  the  use  of 
animals.  The  methods  now  in  vogue  for  the  control  of 
epizootic  diseases  are  based  on  the  results  obtained  from 
animal  experimentation.  The  diagnosis  of  an  epizootic 
sometimes  requires  the  use  of  animals,  and  many  of  the 
therapeutic  agents  as  well  as  preventive  vaccines  demand 
the  continued  emplo3^ment  of  living  animals.  No  one 
uses  sentient  creatures  experimentally  from  choice,  but 
unfortunately  there  is  no  alternative.  We  must  either 
use  a  few  living  animals  as  reagents  and  manufacturers 
of  vital  products,  or  subject  our  flocks  and  herds  to  the 
ravages  of  uncontrolled  pestilences. 

In  the  United  States  there  are  animals,  exclusive  of 
poultry,  cats  and  dogs,^  valued  at  $4,331,230,000.    The 

1.  Year-Book  of  the  U.  S.  Dept.  Agric,  1907. 


United  States^  has  aa  annual  export  trade  in  animals 
and  animal  products  of  $254,798,329.  The  acquiring  of 
this  great  wealth  in  animals  and  the  commercial  inter- 
ests involved  have  been  possible  because  of  the  somewhat 
successful  methods  that  have  been  formulated  and 
applied  for  preventing  and  controlling  epizootic  dis- 
eases. Without  their  control  this  countrv  could  not 
enjoy  the  present  benefits  of  its  export  trade.  As  soon  as 
an  epizootic,  like  contagious  pleuropneumonia  or  foot- 
and-mouth  disease,  appears,  the  foreign  ports  are  closed 
to  the  importation  of  animals  from  the  infected  dis- 
tricts. The  prevention  of  the  severe  losses  formerly 
sustained  in  the  northern  part  of  the  United  States  from 
Texas  fever  has  been  made  possible  by  the  acquisition  of 
knowledge  pertaining  to  its  specific  method  of  dissemi- 
nation. These  illustrations  are  sufficient,  although 
others  could  be  cited,  to  show  the  importance  of  main- 
taining as  complete  a  control  as  possible  of  epizootic 
diseases.  From  the  humane  side  of  the  question,  a 
further  reason  for  the  subjugation  of  these  diseases  is 
found  in  the  alleviation  of  the  suffering  to  the  animals 
themselves  from  the  inroads  of  such  diseases.  Again, 
the  loss  occasioned  by  the  epizootic  diseases  to  the  indi- 
vidual animal  owners  is  not  entirely  determined  by  the 
value  of  the  animals  that  die.  This  is  measured  in  part 
by  the  attending  human  suffering  from  want  and  priva- 
tion, brought  about  by  the  loss  of  animals  that  were 
the  only  source  of  revenue  for  the  purchase  of  necessary 
supplies. 

In  times  of  prosperity  it  is  not  customary  for  even 
the  more  thoughtful  to  consider  seriously  the  sequence 
of  events  which  make  the  existing  success  in  the  traffic 
of  animals  and  their  products  possible.  The  number  of 
the  infectious  diseases  to  which  our  domesticated  ani- 
mals are  susceptible,  and  the  suffering  and  loss  which 
they  formerly  occasioned,  are  generally  either  unrecog- 
nized or  forgotten.  A  mere  glance  at  their  history  will 
show  that  the  infectious  and  epizootic  diseases  baffled  all 
attempts  at  prevention  until  a  knowledge  of  their  speci- 
fic nature  was  determined  as  a  result  of  animal  experi- 
mentation. These  investigations  showed  that  the  epi- 
zootic diseases  are  due  to  infection  with  some  micro- 
organism. In  certain  instances  the  specific  organism  has 
not  as  yet  been  discovered,  but  its  means  of  transmis- 
sion has  been  determined,  while  in  others  the  specific 


cause  itself  has  been  found.  With  this  knowledge  these 
animal  plagues  can  be,  and  are,  largely  controlled.  It 
is  from  the  knowledge  derived  from  animal  experimen- 
tation alone  that  it  has  been  possible  to  bring  the  great 
scourges  of  animals,  like  rinderpest,  contagious  pleuro- 
pneumonia, anthrax,  Texas  fever,  rabies,  foot-and-mouth 
disease,  and  many  others,  under  the  present  state  of 
subjugation.  This  has  not  only  prevented  untold  suf- 
fering to  millions  of  animals,  but  it  has  also  saved  them 
for  their  owners. 

The  fact  should  not  be  lost  sight  of  that  the  diseases 
mentioned,  as  well  as  many  others,  are  liable  to  be,  and 
often  are,  reintroduced  after  they  are  successfully  eradi- 
cated. This  is  illustrated  by  "the  destructive  malady 
known  as  foot-and-mouth  disease,  which  has  been  intro- 
duced and  eradicated  from  this  country  at  least  three 
times.^  This  fact  calls  for  constant  vigilance  and  often 
the  employment  of  preventive  vaccines  as  well  as  other 
precautionary  measures.  The  true  conditions  relative 
to  the  relation  existing  between  our  live-stock  industry 
and  the  control  of  disease  may  be  better  understood 
by  reviewing  somewhat  briefly  the  history  of  a  few  of 
the  more  important  epizootic  diseases. 

ANTHRAX 

Anthrax  has  been  known  since  very  early  times.  It 
was  primarily  a  scourge  of  cattle  and  sheep,  but  often 
of  other  animals  and  of  man.  It  caused  annually  the 
death  of  thousands  of  animals  until  its  cause  was  dis- 
covered, its  method  of  dissemination  determined  and  a 
preventive  vaccine  brought  out  by  Pasteur.  The  suc- 
cessful vaccination  against  anthrax  by  the  use  of  atten- 
uated virus  which  was  demonstrated  to  the  satisfaction 
of  the  scientific  world  by  Pasteur^  robbed  anthrax  of 
much  of  its  terror  for  the  cattle  owners  and  enabled 
farmers  to  keep  live  stock  in  many  localities  where 
otherwise  it  would  have  been  impossible.  This  was  also 
true  in  America.  The  work  of  Chester*  in  Delaware, 
in  the  production  and  use  of  anthrax  vaccine,  which 
enabled  farmers  in  the  pest-ridden  sections  to  keep  cattle 
with  impunity,  illustrates  the  value  of  this  work  to 

2.  Salmon :  Foot-and-Mouth  Disease,  Year-Book,  Dept.  Agrlc, 
1902,  p.  643 ;  Pearson :  Circular  No.  15,  State  Live  Stock  Sanitary 
Board  of  Pennsylvania,  1908. 

3.  Hamilton  :  Louip  Pasteur,  His  Life  and  Labors,  1885,  p.  238, 
D.  Appleton  and  Company. 

4.  Chester :  Anthrax  Bacteriologic  Work,  Rep.  Delaware  Agric. 
Bxper.  Station,  1895,  p.  64. 


American  agriculturists.  The  more  recent  method  of 
vaccination,  involving  but  one  injection  of  virus  with  a 
quantity  of  immune  serum,  described  by  Sobemheim'* 
and  used  extensively  in  South  America,  is  reported  to 
have  given  excellent  results.  This  means  the  saving  of 
many  animals. 

In  1894  Chamberland®  reported  that  a  total  of 
1,988,677  animals  had  been  inoculated  in  France,  and 
the  loss  from  anthrax  had  diminished  from  10  per  cent, 
in  sheep,  and  5  per  cent,  in  cattle,  to  less  than  1  per 
cent,  in  sheep  and  0.25  per  cent,  in  cattle,  a  saving  of 
over  $2,000,000. 

Anthrax  has  been  carried  to  many  places  in  the 
United  States,  and  were  it  not  for  the  preventive  meas- 
ures that  are  being  applied  wherever  it  appears  it  would 
soon  become  a  serious  menace  to  the  dairy  and  cattle 
industries  of  our  country.  This  is  illustrated  by  the 
outbreaks  in  northern  IN'ew  York,  where  in  1906  it 
appeared  on  eighty-four  farmsJ  There  were  170  fatal 
cases  before  immunization  bv  vaccination  could  be  estab- 

ft, 

lished.  More  than  3,000  animals  were  vaccinated  and 
the  ravages  of  the  disease  were  stopped.  Animal  vacci- 
nation since  that  time  has  kept  the  disease  in  subjuga- 
tion. 

The  number  of  animals  that  are  necessary  in  the  prep- 
aration and  testing  of  the  vaccine  and  in  making  early 
and  positive  diagnoses  is  not  large,  but  the  number  of 
deaths  and  the  amount  of  suffering  prevented  are  great. 
So  thoroughly  familiar  are  our  people  with  the  fact  that 
there  is  a  preventive  treatment  for  anthrax  that  it  forms 
a  part  not  only  of  their  basic  knowledge,  but  also  of 
their  working  methods  in  protecting  their  flocks  and 
herds. 

CONTAGIOUS    PLEUROPNEUMONIA    OF    CATTLE 

This  disease  is  said  to  have  originated  in  the  high- 
lands of  central  Europe,  whence  it  spread  to  every  cattle- 
raising  country  in  the  world.  It  was  estimated  that  dur- 
ing the  first  quarter  of  the  nineteenth  century  this  dis- 
ease cost  England  $450,000,000  in  deaths  alone.  The 
additional-losses  for  deterioration  were  never  estimated.^ 

5.  Sobernheim :  Ueber  das  Milzbrandserum  und  seine  praktische 
Anwendung,  Deutsch.  med.  Wchnschr.,  1904,  Nos.  26  and  27. 

6.  Chamberland  :  Jour.  d'Agric.  prat.,  1894,  1,  627. 

7.  Burnett :  The  Control  of  an  Outbreak  of  Anthrax,  Am.  Vet. 
Rev.,  1908,  xxxlil,  136. 

8.  Special  Rep.  No.  12,  Dept.  Agric,  Washington,  D.  C,  1879, 
p.   233. 
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It  was  probably  introduced  into  the  United  States  in 
1843,  in  a  cow  imported  directly  from  Europe  and  taken 
from  shipboard  into  a  Brooklyn  cattle-shed.  At  first 
its  spread  was  not  rapid,  several  years  elapsing  before  it 
became  widely  disseminated  in  the  Atlantic  states.  It 
was  not,  in  fact,  until  about  1880  that  it  became  evident 
to  those  most  familiar  with  the  disease  that  if  it  were 
not  eradicated  it  would,  through  some  one  of  the  increas- 
ing number  of  avenues  of  transportation,  soon  reach  the 
<3attle  ranges  of  the  West  and  ruin  the  cattle  industry  of 
this  country. 

The  general  dissemination  of  this  disease  was  due  to 
the  ignorance  of  the  people  concerning  its  contagious- 
ness. In  1851  experiments®  at  Pomeraye  and  other 
places  in  France  demonstrated  its  infectious  nature  and 
showed  beyond  doubt  that  it  would  spread  from  diseased 
to  healthy  animals.  Owing  to  general  skepticism,  these 
results  were  not  accepted  until  they  had  been  many 
times  repeated.  This  was  particularly  true  in  the 
United  States.  The  American  mind  wanted  additional 
evidence  and  the  result  was  the  well-known  experiments 
made  by  Dr.  D.  E.  Salmon^^  in  1884  on  Barren  Island. 
These  furnished  such  undoubted  evidence  of  the  infec- 
tious nature  of  the  disease  that  it  was  not  difficult  to 
obtain  from  Congress  the  necessary  legislation  and 
appropriation  for  instituting  methods  for  its  complete 
eradication.  As  a  result  everv  trace  of  this  disease  was 
removed  from  the  United  States^^  within  the  brief 
period  of  less  than  six  years  at  a  cost  ($1,509,000.72) 
that  was  trifling  in  comparison  with  the  losses  likely  to 
occur  annually  as  soon  as  the  disease  had  obtained  a 
foothold  among  the  cattle  on  the  western  plains. 

GLANDERS 

This  is  one  of  the  oldest  equine  diseases  known.  The 
ancients  describe  it  and  speak  of  the  extensive  losses  it 
produced.  Many  theories  existed  concerning  its  source, 
the  most  prevalent  one  being  its  transmission  in  some 
unknown  way  through  the  air.  Toward  the  end  of  the 
eighteenth  century  it  was  demonstrated  by  animal 
experiment  that  the  disease  was  transmissible  by  inocu- 

9.  The  report  of  the  scientific  commission  appointed  to  make 
these  Investigations  is  translated  in  the  Veterinarian,  1854,  xxli. 
Series   3.   vli,   335. 

10.  First  Annual  Report,  Bureau  of  Animal  Industry,  U.  S.  Dept. 
Agric,  1885,  p.  170. 

11.  Rusk,  J.  M.,  Sec.  of  Agric. :  Proclamation,  Eradication  of 
Pleuropneunionia,  Sept   26,   1892. 


lation  and  communicable  to  man.  In  1882  its  specific 
organism  was  discovered.  It  is  hard  for  us  to  appreciate 
at  this  time  the  difficulty  experienced  in  establishing  the 
infectiousness  of  this  disease,  notwithstanding  the  enor- 
mous losses  it  was  causing  annual^.  Skepticism  died 
out,  however,  when  Loeffler  and  Schiitz^^  were  able  to 
prodiice  it  with  pure  cultures  of  the  bacillus  they  had 
discovered  and,  further,  were  able  to  show  how  its  virus 
was  disseminated  through  the  nasal  discharges  from 
infected  to  well  horses.  Another  victory  was  realized  in 
the  production  of  mallein  from  cultures  of  the  glanders 
bacillus.  By  the  use  of  this  substance  the  disease  can  be 
detected  in  animals  that  have  been  exposed  but  which  as 
yet  do  not  show  evidence  of  infection.  By  detecting 
and  removing  the  infected  horses  before  the  disease 
comes  in  evidence  and  before  the  bacteria  are  escaping, 
the  spread  of  the  disease  is  checked.  Glanders,  like 
anthrax,  is  transmissible  to  man,  and  already  a  number 
of  cases  have  been  reported  in  men  who  have  had  the 
care  of  horses.  Since  the  introduction  of  mallein  and 
the  enforcement  of  sanitary  regulations  compelling  the 
destruction  or  isolation  of  infected  animals,  the  spread 
of  glanders  has  been  greatly  reduced.  While  general 
statistics  are  wanting,  the  importance  of  this  disease  can 
be  understood  from  the  fact  that  in  ten  years  (1876- 
1886)  in  Prussia  alone  it  destroyed  20,566  horses.^^ 

In  the  United  States  glanders  is  of  much  significance, 
especially  in  the  cities.  Its  early  diagnosis  and  control 
are  of  great  economic  as  well  as  sanitary  importance. 
The  methods  by  which  to  accomplish  these  results  are 
the  direct  outcome  of  painstaking  studies  and  experi- 
ments with  animals. 

I^ABIES  OR  HYDROPHOBIA 

Among  the  diseases  of  man,  none  are  more  dreaded 
and  in  animals  few  are  more  pitiful  than  rabies.  There 
is  no  longer  any  disagreement  among  pathologists  as  to 
the  existence  and  dangerous  nature  of  this  disease  or  as 
to  its  being  readily  communicated  from  rabid  to  healthy 
animals.  In  the  maladies  heretofore  cited,  with  the 
exception  of  contagious  pleuropneumonia,  the  specific 
organism  has  been  found,  isolated  and  cultivated  on  arti- 

12.  Loeffler  and  Schtltz :  The  BaciUus  of  Glanders,  Deutsch.  med. 
Wchnschr.,  December,  1882 ;  transl.  in  Micro-organisms  in  Dis- 
ease, New  Sydenham  Society,  1886,  p.  388. 

13.  Friedberger  and  Frohner :  Theraple  der  Haustiere  Im  Lchr- 
bnch  der  spezIeUen   Pathologic,  1908,   11,   435. 
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ficial  media.  In  rabies  the  search  for  the  specific  agent 
was  unsuccessful  for  many  years.  The  bodies  discovered 
by  Negri  in  1903  are  thought  by  many  to  be  tine  cause. 
Prior  to  Negri's  observations,  however,  the  experiments 
in  preventive  treatment  had  become  successful.  The 
fact  was  established  by  experiments  that  when  rabbits 
are  inoculated  with  a  bit  of  the  spinal  cord  or  brain  of  a 
rabid  dog  or  other  animal  they  will  die  after  a  certain 
length  of  time  (usually  from  fifteen  to  thirty  days) 
with  definite  and  characteristic  symptoms,  and  that 
when  rabbits  are  inoculated  by  the  same  method  with  the 
spinal  cord  or  brain  of  healthy  dogs  they  will  remain 
well.  In  1884  Pasteur^*  made  the  brilliant  demonstra- 
tion of  his  method  of  conferring  immunity  against 
rabies  or  hydrophobia  before  a  commission  of  scientific 
men  appointed  to  make  an  investigation  into  its  merits. 
Concerning  his  first  inoculation  in  man,  Pasteur  wrote : 

Making  use  of  this  method,  I  had  already  made  fifty  dogs  of 
various  races  and  ages  immune  to  rabies,  and  had  not  met 
with  a  single  failure,  when  •  on  July  6,  quite  unexpectedly, 
three  persons,  residents  of  Alsace,  presented  themselves  at  my 
laboratory.  One  of  these,  a  boy  of  9  years,  who  had  been 
bitten  in  fourteen  different  places  by  a  rabid  dog,  was  saved. 

At  the  Pasteur  Institute  in  Paris,  9,433  persons  were 
treated  during  the  years  1886  to  1890  inclusive.  The 
total  mortality  among  those  treated  was  0.61  per  cent. 
In  1890,  416  persons  were  bitten  by  dogs  proved  to  be 
rabid,  and  among  these  there  was  not  a  single  death. 
In  1891.  the  number  of  persons  treated  was  1,539,  with 
a  mortality  of  0.25  per  cent.,  and,  in  1893,  1,790  inocu- 
lations were  made  with  a  mortality  of  0.22  per  cent. 
.  Rabies  has  spread  extensively  in  the  United  States 
during  recent  years.  In  1908  there  were  reported  in 
the  registration  area  111  deaths  in  man  and  534  locali- 
ties infected  with  rabies.  There  were  nearly  1,500  peo- 
ple who  took  the  Pasteur  treatment  for  this  disease.^' 
In  1908  there  were  1,168  positive  examinations^'^  for 
diagnosis  of  rabies  in  animals  made  in  the  United  States. 
At  the  New  York  State  Veterinary  College  from  1899 
to  1908  a  total  of  496^®  examinations  for  rabies  in  ani- 
mals were  made.  These  have  all  come  from  the  rural 
districts  and  the  smaller  cities  of  the  state.    The  exami- 

14.  Vallery-Radot :  The  Life  of  Louis  Pasteur,  ii,  219-290. 

15.  Kerr  and  Stimson  :  The  Prevalence  of  Rabies  In  the  United 
States,  U.  S.  P.  H.  and  M.-H.  S.,  1909,  p.  7. 

16.  Moore:  Am.  Vet.  Rev.,  1909,  xxxi,  20. 
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nations  in  New  York  City  are  made  at  the  laboratory  of 
the  City  Board  of  Health.  Of  these  496  examinations, 
424  were  in  dogs,  the  others  in  cattle,  horses,  sheep  and 
hogs.  The  number  Df  examinations  is  increasing,  there 
being  over  400  for  the  first  ten  months  of  this  year.  In 
WisconSin^*^  584  animals  died  of  rabies  during  the  past 
year.  Of  these,  100  were  hogs,  400  cattle,  28  sheep  and 
56  horses.  These  facts  are  mentioned  to  show  the  sig- 
nificance of  the  disease  for  our  domesticated  animals. 

The  Pasteur  treatment  has  been  made  so  effective  and 
inexpensive,  as  compared  with  former  times,  that,  when 
desired,  animals  bitten  by  rabid  dogs  may  be  treated. 
The  material  may  be  sent  from  the  laboratory  where 
made,  as  from  the  New  York  City  research  laboratory 
for  instance,  and  administered  by  the  local  veterinarian. 
The  result  of  the  work  along  these  lines  has  not  only 
proved  to  be  a  great  blessing  to  humanity,  but  also  a 
source  of  great  relief  to  many  animals.  As  a  result  of 
the  fact  that  the  method  of  dissemination  of  rabies  has 
been  determined,  quarantine  and  other  precautionary 
measures  are  possible  to  greatly  lessen  the  number  of 
animals  infected. 

SWINE   DISEASES 

The  important  infectious  diseases  of  swine  known  to 
occur  in  the  United  States  are  hog  cholera  and  swine 
plague.  The  first  recorded  epizootic  of  hog  cholera  in 
this  country  occurred  in  Ohio  in  1833.  It  gradually 
spread  until  it  became  a  menace  to  this  branch  of  ani- 
mal industry.  In  1899  de  Schweinitz  estimated  that 
the  losses  from  this  disease  alone  in  the  State  of  Iowa 
was  $15,000,000  annually.  In  other  words,  a  disease 
supposed  to  have  been  introduced  from  Great  Britain 
about  1830  had  become  a  general  and  unquestioned 
plague  by  1870.  In  1903  de  Schweinitz^'^  found  that  in 
the  blood  of  hogs  suffering  from  epizootic  hog  cholera 
there  was  a  virus  that  would  pasg  through  a  Berkefeld 
filter.  Continued  investigations  in  the  Bureau  of  Ani- 
mal Industry^®  and  elsewhere^®  showed  that  swine  could 
be  immunized  against  this  disease  by  the  use  of  serum 
of  hyperimmunized  pigs.  The  result  of  this  discovery 
has  led  several  states  to  manufacture  this  serum  for  the 

17.  de  Schweinitz :  Cir.  14,  Bureau  -of  Animal  Industry,  Dept. 
Agrlc,   1903. 

18.  Dorset,  Bolton  and  McBryde :  Bulls.  72  and  102,  Bureau  of 
Animal  Industry,  Dept.  Agrlc. 

19.  King:  BuU.  157,  Kansas  State  Agrlc.  Coll;  Reynolds:  Bull. 
113,  Univ.  Minn.  Agrlc.  Exper.  Station. 
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purpose  of  immunizing  hogs.  The  saving  from  suffer- 
ing and  death  to  swine  and  the  gain  to  the  pork  indus- 
try of  this  country  resulting  from  this  work  is  enormous. 
No  one  who  has  witnessed  the  suffering  of  hogs  in  out- 
breaks of  a  chronic  type  of  hog  cholera  can  fail  to  appre- 
ciate the  great  blessing  that  has  come  to  this  species  of 
animals  by  bringing  this  scourge  under  control. 

TEXAS  OR  SOUTHERX  CATTLE  FEVER 

This  disease,  which  has  been  called  bovine  malaria, 
has  been  known  for  many  years  in  the  South.  It  fre- 
quently gained  entrance  to  the  Northern  states,  where 
it  caused  heavy  losses  in  the  death  of  cattle.  The  fol- 
lowing statement  concerning  the  disease,  which  illus- 
trates its  mysterious  nature  as  viewed  in  that  time,  is 
taken  from  Dr.  Smithes  report: 

It  was  also  discovered  that  soutliern  cattle,  after  remaining 
for  a  short  time  on  northern  pastures,  lost,  in  some  myster- 
ious way,  the  power  to  infect  other  pastures  and  were,  for  the 
remainder  of  their  stay  in  the  north,  harmless.  Again,  cattle 
driven  over  a  considerable  distance  lost,  after  a  time  on  their 
way,  the  power  to  infect  pastures.  When  pastures  and  trails 
had  been  passed  over  by  southern  cattle,  it  was  observed  that 
the  disease  did  not  appear  at  once  in  the  northern  cattle 
grazing  on  them,  but  that  a  certain  period  of  not  less  than 
thirty  days  elapsed  before  the  native  cattle  began  to  die. 
More  curious  than  even  these  facts  was  the  quite  unanimous 
testimony  of  the  stock-owners  who  had  had  more  or  less 
experience  with  this  disease,  that  native  susceptible  animals 
did  not  transmit  the  disease  to  other  natives,  and  that  they 
were  harmless. 

In  1868,  Texan  cattle  shipped  up  the  Mississippi  River  to 
Cairo  and  thence  by  rail  into  Illinois  and  Indiana  early  in 
June  caused  during  the  summer  of  that  year  enormous  losses 
of  cattle  in  those  states.  Moreover,  the  east  began  to  be 
aroused  because  western  cattle  infected  with  the  disease  had 
been  shipped  eastward  for  beef  and  were  dying  of  Texas 
fever  on  the  way,  in  the  New  York  stock-yards,  and  elsewhere. 
The  question  as  to  the  effect  of  such  diseased  flesh  on  human 
health  was  at  that  time  entirely  new  and  caused  much  uneasi- 
ness. The  cattle  commissioners  of  New  York  state  and  the 
Board  of  Health  of  New  York  City  made  a  vigorous  effort  to 
check  the  importation  of  diseased  cattle  from  the  west,  and 
to  their  efl^ort  we  owe  much  valuable  information  of  this 
disease. 

By  means  of  a  careful  series  of  experiments  begun  in 
1889  Smith^^  found  the  cause  of  this  disease  to  be  a 

20.  Smith  and  Kilbonrn :  Bull.  1,  Bureau  of  Animal  Industry, 
U.  S.  Dept.  Agric,  1893. 
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protozoon  closely  allied,  if  not  identical,  with  the  one 
discovered  by  Babes  as  the  cause  of  a  disease  of  cattle  in 
Koumania,  and  that  this  organism  wag  transraitted  from 
the  infected  to  the  well  cattle  by  means  of  the  cattle- 
tick. 

It  has  been  repeatedly  demonstrated  by  animal  experi- 
ments that  the  cattle-tick  is  the  carrier  of  the  virus,  and 
that  in  the  absence  of  this  tick  Southern  cattle  can  be 
shipped  North  at  any  time  of  the  year  with  perfect 
safety  to  Northern  stock,  and  that  if  ticks  are  removed 
from  the  pastures  Northern  cattle  can  live  in  the  South. 
As  the  carrier  of  the  virus  is  known,  the  disease  can  be 
prevented. 

The  discoverv  of  the  cause  of  this  affection  and  its 
method  of  dissemination  has  led  to  most  important 
results.  Several  of  the  Southern  states^^  have  intro- 
duced methods  of  immunizing  Northern  cattle  that  were 
shipped  into  the  South  for  breeding  purposes,  and  more 
recently  the  government  has  undertaken  to  eliminate 
the  cattle-ticks,  thereby  eradicating  the  disease.  The 
value  of  the  experiments  which  made  possible  these 
results  to  the  live-stock  industry,  and  which  cost  but  a 
small  number  of  animals,  cannot  be  estimated,  either  in 
dollars  or  in  the  suffering  of  thousands  of  cattW  they 
have  saved. 

TUBERCULOSIS 

Of  the  diseases  of  cattle  there  is  perhaps  no  other 
that  causes  as  heavy  losses  as  tuberculosis.  This  affec- 
tion was  known  in  very  early  times,  but  its  means  of 
spreading  was  very  limited  owing  to  the  small  traffic  in 
cattle.  In  the  nineteenth  century  it  had  become,  how- 
ever, a  source  of  great  loss,  largely  because  the  people  did 
not  know  its  cause  or  how  it  was  spread. 

In  1865  Villemin^^  demonstrated,  by  inoculating 
healthy  animals  with  tuberculous  tissue,  that  tuberculo- 
sis was  ;a  'communicable  disease.  In  1882  Robert 
Koch,-^  after  repeated  experiments  on  animals,  discov- 
ered and  isolated  its  specific  organism.     But  for  these 


21.  Francis  and  Connaway :  BuU.  35,  Texas  Agrlc.  Exper.  Station, 
1899 ;  Connaway :  Bull.  37.  Missouri  State  Board  of  Agric,  1897  ; 
Dalrymple,  Nirrgan  and  Dodson :  Bull.  51,  Louisiana  Agric,  Exper. 
Station,  1898. 

22.  Quoted  by  Hutyra  and  Marek :  Spezielle  Pathologle  und 
Therapie  der  Haustiere,  I,  472;  original  article  by  Villemln  in  Bull. 
Acad.  Sc,  Paris   (1865-6). 

23.  Koch  :  The  Etiology  of  Tuberculosis,  Mitt.  a.  d.  Gsndhtsamte, 
1884,  ii;  Tr.  New  Sydenham  Soc,  1886,  p.  67. 
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and  similar  experiments,  we  should  still  be  totally  in  the 
dark  as  to  the  cause  of  this  disease  and  unaware  of  its 
commiinicability  from  animal  to  animal,  or  from  animal 
to  man. 

The  importance  of  these  discoveries  is  too  great  for 
ready  comprehension.  Tuberculosis,  while  not  charac- 
terized as  an  epidemic  or  epizootic  disease,  is  estimated 
to  be  the  cause  of  14  per  cent,  of  all  the  deaths  in  the 
human  family,  while  from  the  post-mortem  examination 
of  the  cattle  slaughtered  in  the  abattoirs  of  ten  foreign 
cities  and  countries^*  cattle  averaging  nearly  18  ner 
cent,  have  been  reported  to  be  tuberculous.  In  the 
United  States  it  is  estimated  that  probably  10  per  cent, 
of  the  dairy  cattle  in  the  country  are  affected  with 
tuberculosis.  Dr.  Melvin  estimates  further,  on  care- 
fully collected  data,  that  tuberculosis  of  food  animals 
costs  this  country  $14,000,000  annually.  Several  herds 
have  come  to  my  notice  in  which  on  post-mortem  exami- 
nation from  75  to  90  per  cent,  of  the  animals  were 
found  to  be  diseased. 

In  order  to  determine  the  extent  to  which  the  disease 
has  spread,  I  have  collected  and  compiled  the  results  of 
a  number  of  tests  made  dliring  the  last  two  or  three 
years,  but  largely  in  1907,  by  a  considerable  number  of 
veterinarians  to  whom  the  New  York  State  College 
furnished  tuberculin.  The  results  show  that  of  421 
herds  tested  302  contained  reacting  animals.^®  These 
herds  contained  a  total  of  9,63'3  animals,  of  which  3,432 
reacted.  The  official  tests  by  the  New  York  Department 
of  Agriculture  for  the  years  1904-6  inclusive,  kindly 
furnished  me  by  Dr.  Kelly,  include  262  herds  with  a 
total  of  3,088  animals,  of  which  673  reacted.  They 
were  distributed  in  fifty  counties.  These  herds  all  came 
under  the  operation  of  the  law.  Infected  animals  were 
found  in  one  hundred  and  twenty-one  herds. 

Sanitarians  have  recognized  the  danger  of  human 
infection  from  the  consumption  of  milk  from  tubercu- 
lous cows,  and  the  presence  of  much  tuberculosis  in  pigs 
and  calves  fed  on  such  milk  is  a  practical  demonstra- 

24.  Statistics  Collected  by  Freeman  :  Med.  Rec,  March  28,  1896. 
p.  433.  In  detail  they  are :  Berlin  4.57,  Munich  2.44,  Augsburg  2.44, 
Mulhausen  3.4,  Hanover  60  to  70,  France  5,  Paris  6,  Holland  20, 
Pomerania  50,  Mexico  34  per  cent. 

25.  Melvin :  The  Economic  Importance  of  Tuberculosis  of  Food- 
Producing  Animals,  Proc.  Sixth  Internat.  Cong,  on  Tuberc,  1908, 
iv,  504. 

26.  Moore:  Bull.  250,  Cornell  Univ.  Agrlc.  Exper.  Station,  1908. 
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tion  of  the  transmission  of  the  vims  through  this 
medium.  The  conclusion  by  many  investigators  is  that 
from  1  to  2  per  cent,  of  human  tuberculosis,  especially 
the  glandular  form,  is  of  bovine  origin.^^ 

There  is  a  large  literature  on  this  subject.  The  report 
of  the  Boyal  Commission  on  Tuberculosis  and  the  Pro- 
ceedings of  the  Sixth  International  Congress  on  Tuber- 
culosis are  especially  recommended  for  information  on 
the  transmission  of  bovine  tuberculosis  to  man. 

The  cause  of  this  disease,  the  manner  of  its  dissemi- 
nation, and  the  means  (tuberculin  test)  by  which  it  can 
be  detected  in  its  early  stages,  have  been  discovered  by 
animal  experimentation.  The  remaining  step  is  to 
determine  the  best  method  for  the  elimination  of  the 
diseased  animals.  When  this  is  ascertained,  and  the 
existing  centers  of  infection  removed,  the  enormous 
losses  now  annually  sustained  by  deaths  from  this 
malady  ought  practically  all  to  be  averted.  Judging 
from  the.known  facts,  it  is  highly  probable  that  if  atten- 
tion had  not  been  called  to  this  disease  in  cattle,  and  a 
method  for  its  early  detection  discovered,  it  would  have 
become  a  more  universal  and  destructive  plague  of  cattle 
than  any  other  that  has  yet  visited  the  animal  kingdom. 

OTHER   DISEASES 

There  are  still  other  diseases  of  an  epizootic  nature 
that  are  worthy  of  mention  and  also  those  frequently  of 
great  local  interest,  which  have  been  investigated  by 
means  of  animal  experimentation  and  robbed  of  much  of 
their  former  terror.  Blackleg  and  tetanus  or  lockjaw 
are  prominent  among  these.  Further,  there  are  the  ani- 
mal parasitic  diseases,  such  as  trichina  in  pork,  fluke 
diseases  of  cattle  and  sheep,  and  the  tapeworm  diseases 
of  sheep.  A  nodular  disease  of  the  intestines  of  sheep^** 
due  to  a  small  round-worm  and  one  in  fowls-°  due  to  a 
tapeworm  were  once  supposed  to  he  tuberculosis,  and  in 
the  effort  to  eradicate  them  many  animals  were  sacri- 
ficed. A  disease  in  cattle  known  as  the  cornstalk  dis- 
ease, which  was  thought,  especially  in  Europe,  to  be 
contagious  and  therefore  requiring  rigid  quarantine,  has 
been  shown  to  be  due  to  local  causes  and  in  no  way  trans- 

27.  Smith  :  Med.  News,  New  York,  1902,  Ixxx,  343 ;  Tr.  Massachu- 
setts Med.  Soc,  1907. 

28.  Curtice :  Animal  Parasites  of  Sheep,  U.  S.  Dept.  Agric,  1890, 
p.  165. 

29.  Moore:    Circ.    3,    Bureau    of   Animal    Industry,   U.    S.    Dept. 
Agric,  1895. 
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missible  from  one  animal  to  another.*®  Snrra*^  was 
recently  kept  out  of  this  country,  although  it  was 
brought  to  our  shores,  because  a  diagnosis  was  possible 
by  means  of  animal  inoculation.  Much  light  has  been 
shed  on  the  infectious  diseases  of  poultry,  such  as 
^T)laekhead'^  in  turkeys  and  diphtheria  and  tuberculosis 
in  chickens.  A  new  disease  of  fowls,  a  filth  disease, 
which  is  frequently  called  fowl  cholera,  has  been  discov- 
ered and  can  be  prevented  by  the  adoption  of  a  regime 
of  cleanliness,  wholesome  food  and  ventilation.  Recently 
Mohler  has  identified  a  serious  disease  of  sheep,  which 
affects  the  lips  and  legs  and  which  was  thought  to  be 
foot-and-mouth  disease,  as  an  infection  with  the  bacillus 
of  necrosis.  While  it  is  of  much  local  concern,  the  ani- 
mal inoculations  proved  that  it  was  not  the  much- 
dreaded  epizootic  foot-and-mouth  disease.  Attention 
should  also  be  called  to  the  great  importance  of  animal 
investigations  now  in  progress  on  various  serums,  toxins 
and  antitoxins,  for  the  purpose  of  securing  ^  efficient 
remedies  for  the  various  infectious  and  epizootic  dis- 
eases. 

In  zootechny,  or  experimentation  for  improving 
breeds  of  domesticated  animals,  the  investigations  have 
been  of  unquestioned  importance  to  the  agriculturists. 
Whatever  the  views  on  breeding  may  be,  no  one  doubts 
for  a  moment  that  the  modern  breeds  of  farm  animals 
are  a  great  improvement  over  the  original  and  native 
stock.  While  the  natural  resistance  of  these  animals 
against  infectious  diseases  may  have  been  appreciably 
lessened  from  that  of  the  native  stock,  the  knowledge 
we  possess  of  how  to  keep  these  diseases  away  from  our 
flocks  should  encourage  future  experimentation  for  the 
purpose  of  raising  better  and  swifter  horses;  cows  to 
give  more  and  richer  milk;  sheep  to  yield  finer  wool 
and  more  of  it ;  and  swine  to  gro^  more  pork  per  bushel 
of  com. 

FURTHER  INVESTIGATIONS  NECESSARY 

A  study  of  the  efforts  which  have  been  made  for  the 
suppression  of  infectious  diseases  of  animals  both  in 
this  country  and  abroad  shows  that,  while  wonderful 
advances  have  been  made,  the  desired  results  in  many 
instances  have  not  been  fully  attained.    There  are  those 

30.  Moore :  BuU.  10,  Borean  of  Animal  Industry,  IT.  S.  Dept. 
Agric,  1896 ;  Mayo :  Bull.  49,  Kansas  Agric  Ezper.  Station,  1895. 

31.  Mohler:  24tli  Annual  Report  B.  A.  I.,  U.  S.  Dept.  Agric, 
1907.  p.  34. 
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who,  ignorant  of  what  has  been  done,  and  equally  ignor- 
ant of  what  there  remains  to  do,  question  the  necessity 
for  further  investigations.  Great  as  have  been  the 
achievements  in  the  past,  it  must  be  evident  to  every 
well-informed  and  unprejudiced  mind  that  still  greater 
achievement — greater  whether  measured  by  relief  of 
suffering  or  by  financial  gain — are  within  reach  in  the 
near  future.  The  benefits  to  agriculture  and  mankind 
in  general  which  have  accrued  from  the  investigations 
of  the  past  are  no  nearer  their  maximum  limits  of  suc- 
cess than  was  the  practical  application  of  steam  when 
Fulton  built  his  first  steamboat.  Knowledge  of  the  dis- 
eases of  animals  made  little  growth  until  the  develop- 
ment, by  means  of  repeated  experiments  on  animals,  of 
the  newer  pathology,  which  tends  to  reveal  the  nature  of 
these  affections,  thereby  pointing  to  methods  for  their 
control.  In  spite  of  all  that  has  been  done,  practical 
preventive  medicine  has  barely  passed  its  infancy,  and 
the  important  investigations  into  the  so-called  general 
diseases  and  dietary  disorders  have  hardly  begun. 

The  demands  for  further  investigations  were  never 
more  pressing  than  they  are  to-day.  If  they  are  checked 
we  shall  experience  in  this  country  what  Great  Britain 
has  already  suffered.  Owing  to  a  crusade  which  finally 
found  expression  in  a  parliamentary  enactment,  animal 
experimentation  has  been  so  crippled  in  Great  Britain 
that  the  country  which  should  have  done  the  most  by 
virtue  of  her  wide  geographical  possessions  and  vast 
live-stock  interests  for  the  improvement  of  methods  of 
preventing  and  controlling  infectious  diseases,  has  done 
practically  nothing.  I  quote  from  one  of  England's  fore- 
most veterinarians^^  in  a  plea  for  animal  experimenta- 
tion: 

No  country  in  Europe  has,  possibly,  sustained  greater  loss 
during  the  last  thirty-five  years  than  our  own;  yet  no  coun- 
try, perhaps,  should  have  suffered  less.  With  the  finest  breed 
of  horses,  and  the  most  magnificent  herds  and  fiocks  in  the 
world,  and  a  teeming  population,  whose  health  and  wealth  are 
largely  centered  in  these,  we  have  entirely  neglected  to  pro- 
tect them  from  the  ravages  of  disease  of  home  and  foreign 
origin,  by  forgetting  to  foster  and  encourage  that  science 
which  alone  can  accomplish  this.  That  neglect  has  cost  Great 
Britain  and  her  colonies  imtold  millions. 

32.  Fleming,  George :  The  Cootagious  Diseases  of  Animals ;  Their 
InflQence  on  the  Wealth  and  Health  of  the  Nation,  and  How  They 
are  to  be  Combated. 
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Furthermore,  experiments  which  have  demonstrated 
important  facts  to  us  are  not  always  accepted  by  others 
unless  they  can  be  and  are  verified.  There  is  in  human 
nature  an  inherent  demand  for  visible  proof.  In  order 
not  to  retard  progress,  it  is  often  necessary  that  the 
doubting  Thomases  should  be  convinced,  and  the  only 
way  to  accomplish  this  is  by  repeating  what  has  already 
been  done.  This  is  always  necessary  in  teaching  those 
who  are  to  continue  the  work  of  controlling  animal  dis- 
eases. In  other  words,  a  certain  amount  of  experimenta- 
tion must  be  carried  on  as  a  means  of  education. 

In  the  practice  of  veterinary  medicine  and  veterinary 
sanitary  science,  it  is  often  necessary,  for  purpose  of 
diagnosis,  to  make  inoculations  immediately.  At  such 
times  every  hour  of  delay  may  mean  the  death  of  many 
animals.  In  charity  to  dumb  creation  itself,  therefore, 
there  should  be  no  restrictions  to  delay  the  work. 

In  order  to  make  diagnoses,  to  prepare  vaccines  and 
antitoxins  with  which  to  better  the  conditions  of  ani- 
mals, it  is  necessary  that  animal  experimentation  be 
continued.  It  is  the  only  humane  thing  to  do.  If  this 
vv'ork  were  checked,  it  would  entail  a  vast  amount  of 
needless  suffering  on  animals  exposed  to  the  various 
infections,  and  threaten  the  prosperity  of  the  animal 
industry  of  the  country.  To  spare  the  very  few  experi- 
mental animals  necessary  in  procuring  life-saving 
results  Avoukl  require  annually  the  sacrifice  of  tens  of 
thousands  of  other  and  more  valuable  animals  to  all 
sorts  of  infectious  diseases.  The  time  has  come  when 
every  humane  individual  must  protest  against  interfer- 
ence with  animal  experimentation. 

Most  animal  experimentation  does  not  inflict  great 
suffering.  Anesthetics  are  freely  used,  and  experiment- 
ers do  not  permit  unnecessary  pain.  In  most  cases  the 
animals  used  in  experimentation  have  a  more  comfort- 
able life  and  a  far  easier  death  than  those  that  have. the 
freedom  of  nature  and  allowed  to  perish  by  the  so-called 
natural  disease.  Those  who  have  witnessed  the  prolonged 
suffering  endured  by  large  numbers  of  wild  animals 
that  die  from  chronic  diseases  will  verify  this  statement. 
The  pain  inflicted  in  those  experiments  in  which  anes- 
thetics cannot  be  administered  is  not  usually  greater, 
and  is  often  much  less,  than  that  resulting  from  the  vio- 
lent death  experienced  by  many  animals  in  their  natural 
surroundings.    No  one  who  has  observed  the  suffering  of 
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animals  while  they  are  dying  with  one  of  their  many 
natural  diseases,  or  because  of  the  cruelty  of  beasts  of 
prey,  can  feel  that  animal  experinxentation,  as  practiced 
in  recent  years,  imposes  as  cruel  a  death  as  do  the  unal- 
terable laws  of  Nature.  The  objectionable  vivisection 
practiced  in  earlier  days  in  veterinary  colleges  no  longer 
exists. 

When,  therefore,  the  subject  of  animal  experimenta- 
tion is  considered  broadly,  and  in  the  light  of  natural 
laws  which  give  a  limited  life  period  and  certain  death 
to  every  individual,  it  resolves  itself  into  the  simple 
question :  Shall  the  lives  of  a  few  animals  be  shortened 
because  of  experimentation?  Men  and  women  are 
allowed  wantonly  to  shoot  and  trap  innocent  animals 
and  birds  simply  to  gratify  an  appetite  for  brutal  pleas- 
ure, or  to  procure  furs  and  plumes  for  adornment  and 
use.  We  permit  unlimited  slaughter  of  young  animals 
for  human  food;  why,  then,  should  we  hesitate  to 
shorten  the  lives  of  a  few  that  thousands  of  others  may 
be  protected  from  disease  and  suffering?  The  investi- 
gations involving  animal  experimentation  have  the 
broadest  economic  and  humanitarian  value,  and  they 
should  not  be  retarded  by  misguided  sentimentalism. 
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One  cold,  stormy,  January  night  a  poor,  weather- 
beaten,  tired  and  bedraggled  dog  appeared  at  a  farm- 
house some  twenty  miles  from  Boston.  He  had  evi- 
dently  traveled  a  long  road  and  was  sheltered  and  fed 
and  treated  with  the  usual  kindness  that  any  one  with  a 
heart  in  him  would  show  to  such  a  waif.  The  next 
morning  he  "made  friends^^  with  the  neighbor's  dog 
Pete,  and,  dog-like,  the  two  exchanged  a  few  bites  in  the 
process.  During  the  day  he  seemed  morose  and 
unfriendly,  and  snapped  at  people,  and,  from  a  fear  that 
he  might  bite  the  children,  he  was  shut  up  in  an  out- 
building.   The  next  morning  he  was  found  dead. 

In  February  the  neighbor's  dog  made  a  vicious  attempt 
to  bite  a  horse  driving  into  the  yard.  Amazed  at  such 
unusual  conduct,  the  farmer  drove  the  dog  away  with 
a  whip,  and  the  animal  disappeared  down  the  road,  never 
to  be  heard  from  again  except  that  an  animal  answering 
his  description  was  seen  to  attack  two  puppies  in  the 
near-by  village.  These  two  puppies  died  a  few  weeks 
later  with  symptoms  of  rabies. 

It  was  Pete's  custom  to  sleep  in  the  barn;  and  in 
March  two  cows  in  this  barn,  and  a  week  later  two 
more  cows,  died  showing  unmistakable  symptoms  of 
rabies,  in  the  opinion  of  a  veterinarian  in  the  employ 
of  the  State,  who  has  had  much  experience  with  this 
extraordinary  disease. 

The  explanation  was  simple:  the  poor  waif  had  been 
suffering  from  rabies,  his  friendly  (?)  bite  had  infected 
Pete,  who  had  in  turn  bitten  the  pups  and  the  cows,  and 


all  had  died  of  rabies.^  There  had  been  no  rabies  in  or 
about  this  town  before  the  advent  of  this  waif. 

Such  strange  tales  as  this,  and  more  strange,  were 
told  by  our  fathers  and  by  their  fathers,  and  each  gen- 
eration back  through  the  centuries  has  no  doubt  heard 
similar  stories ;  and^  if  we  go  back  as  far  as  the  fourth 
century  before  the  Christian  era  we  find  the  first  record 
of  this  disease  in  the  words  of  Aristotle:  "Dogs  suffer 
from  madness  that  puts  them  in  a  state  of  fury,  and 
all  animals  which  they  bite,  when  in  this  condition, 
become  also  attacked  by  madness/^ 

And,  if  we  return  through  the  ages,  following  the 
literature,  we  find  reference  to  rabies  in  the  works  of 
Virgil,  Horace,  Ovid  and  Plutarch.  The  disease  in 
human  beings  was  first  recorded  by  Cornelius  Celsus 
in  the  first  century  A.  D.,  who  was  also  the  first  to  use 
the  word  ^^ydrophobia.^^  Dioscorides  recommended  the 
extirpation  of  the  wound  as  protection  against  the  dis- 
ease, and  Galen  in  the  second  century  A.  D.  stated  spe- 
cial remedies  for  rabies.  Furthermore,  Pliny  the 
younger.  Columella  and  C:  Aurelianus  may  be  men- 
tioned among  the  early  authors  who  referred  to  the 
disease.  Nothing  comes  to  us  on  the  subject  from  the 
middle  ages.  In  1591  Bauhin  in  his  "Memorabilis  his- 
toria  luporum  aliquot  rabidorum^^  speaks  of  the  infec- 
tion of  human  beings  by  rabid  wolves.  There  was  an 
epizootic  of  rabies  in  1604  in  Paris  (Andry) ;  toward 
the  end  of  the  seventeenth  century  in  Italy  (Baglio, 
Bammazzini) ;  in  1708  in  Suabia;^  in  1719-23  in  Prance 
and  Germany;  in  1754-1760  in  England;  in  1779-1807 
in  America,  especially  in  West  Indian  Islands  and  Peru. 
Toward  the  end  of  the  eighteenth  and  the  beginning  of 
the  nineteenth  century  rabies  had  spread  all  over  Europe. 
From  1803  to  1830  there  was  an  epizootic  of  rabies 
among  the  foxes  in  Southern  Germany  and  Switzerland 
(Kochlin  and  Franque).  The  saliva  of  the  rabid  dog 
was  demonstrated  by  inoculation  experiments  to  be  infec- 
tious by  Zinke  (1804)  and  Gruner  and  Salm  (1813) ; 
that  of  herbivora  by  Berndt  (1822),  and  that  of  human 
beings  by  Magendie. 

1.  To  prove  the  matter  beyond  peradventure,  the  brain  of  the 
waif  (still  in  fair  condition  owing  to  the  cold  weather)  and  one  of 
the  cows  were  sent  to  me  for  examination,  and  Negri  bodies  were 
easily  demonstrated,  proving  the  disease  to  have  been  rabies. 

2.  Camerarius  and  Scharff:  Dissertatio  inaugural  de  Alysso 
clave,  Ttibingen. 


In  1814  and  1815  accurate  experimental  investiga- 
tions regarding  the  disease  were  made  by  Viborg  in 
Copenhagen  and  Waldinger  in  Vienna.  The  clinical 
knowledge  was  especially  enriched  in  1817  and  1818 
by  Delabere-Blaine  and  Greve  (England).  In  1822 
the  epizootic  prevailed  in  Holland,  in  1823-1824  in 
Berlin  and  Prussia,  in  1824  in  Sweden  and  Russia. 
During  the  outbreak  from  1823  to  1830  Hertwig  pub- 
lished^ a  large  number  of  carefully  carried-out  inocula- 
tion experiments  on  animals  which  greatly  advanced 
our  knowledge.  Virchow  showed  the  fallacy  of  the 
spontaneous  origin  theory  in  1854. 

Galtier  of  the  Lyons  veterinary  school  gave  us  a 
method  of  transmitting  the  disease  to  rabbits,  thus  estab- 
lishing the  often  necessary  proof  that  a  given  suspicious 
case  was  truly  one  of  rabies.  He  also  made  experiments 
to  confer  immunity  with  saliva  and  brain  matter  (1880- 
1881).  The  marvelous  researches  of  Pasteur  and  his 
coworkers  Eoux,  Chamberland  and  Thuillier  (1881- 
1889)  demonstrated  the  location  of  the  purest  and  most 
concentrated  virus  in  the  central  nervous  system  and 
gave  to  the  world  the  wonderful  protective  inoculation 
which  has  reduced  the  mortality  in  man  to  a  fraction  of 
1  per  cent. 

It  was  imperative  that  these  investigators  should  use 
in  their  studies  many  animals,  and  those  of  different 
kinds,  or  no  advance  in  knowledge  would  have  been 
made.  Animal  experimentation  always  has  been  and 
always  will  be  absolutely  necessary  to  acquire  accurate 
knowledge  of  any  infectious  disease,  regarding  its  cause, 
means  of  dissemination,  lesions  produced,  treatment  and 
methods  of  prevention  and  eradication. 

With  the  hope  of  being  able  to  discontinue  the  neces- 
sity of  inoculating  animals  (usually  rabbits  or  guinea- 
pigs)  in  order  to  prove  the  existence  of  rabies  in  a  given 
suspicious  case,  investigators  have  endeavored  to  find 
de&aite  microscopic  evidence  equally  reliable.  Great 
advances  in  this  direction  were  made  bv  Van  Geliuchten 
and  Nelis  in  1900  and  by  Babes  at  about  the  same  time 
by  their  discovery  of  characteristic  cellular  lesions  occur- 
ring with  much  regularity  in  certain  portions  of  the 
central  nervous  system  of  animals  and  people  that  had 
died  of  rabies,  but,  as  these  lesions  cannot  be  consid- 

3.  Hettwig :  Beitr&ge  zur  nStheren  Kenntnis  der  Wuthrankheit, 
1828. 


ered  specific — ^there  being  a  possible  error  of  perhaps  2 
per  cent. — animal  inoculations  were  still  necessary  in 
most  instances.  Since  1903,  however,  they  have  been 
rendered  much  less  necessary  by  the  discovery  by  Negri 
of  very  definite  miscroscopic  ^H^odies^^  in  the  nerve-cells 
of  various  portions  of  the  brain  in  cases  of  rabies.  In 
these  bodies,  which  bear  the  name  of  the  discoverer,  we 
are  probably  close  to  the  long-sought  cause  of  rabies,  and 
their  presence  having  been  demonstrated  in  a  given  case 
it  no  longer  seems  necessary  to  resort  to  animal  inocula- 
tion to  establish  the  existence  of  the  disease. 

As  before  stated,  the  disease  had  become  widely  spread 
over  Europe  during  the  early  part  of  the  nineteenth 
century.  So  we  read  of  outbreaks  continuing  in  1838-40 
in  Austria  and  Wiii'ttemberg,  and  in  1852-3  in  Prussia. 
For  example,  in  the  last-mentioned  year  150  rabid  dogs 
were  brought  to  the  Berlin  Veterinary  School,  and  in 
Hamburg  there  were  267  cases  of  rabies.  In  1861  there 
was  an  epizootic  in  the  Ehine  provinces  and  France;  in 
1863-1871  in  Wurttemberg;  in  1862-1867  and  1873- 
1876  in  Vienna;  in  1865-1866  in  Saxony;  in  1871-1876 
in  Saxony,  Bavaria  and  Prussia.  Since  the  introduction 
of  proper  dog  laws  and  compulsory  muzzling  the  dis- 
ease has  greatly  diminished  in  most  of  the  German  states, 
a  yearly  average  of  about  700  rabid  animals  being 
reported  from  1866  to  1902,*  usually  near  the  border 
line  of  countries  where  muzzling  is  not  enforced.*'  With 
such  laws  Denmark,  Sweden  and  Norway  have  not 
known  rabies  for  more  than  fifty  years,  and  it  has 
recently  been  eradicated  from  England  and  Switzerland. 
It  has  never  been  known  in  Australia,  probably  owing 
to  the  strict  enforcement  of  a  six  months^  quarantine 
for  dogs. 

With  the  exceptions  noted,  practically  every  European 
country — France,  Austria,  Hungary,  Belgium,  Holland 
and  Italy — shows  a  record  somewhat  similar  to  that  of 
Germany.  Eussia  has  had  years  of  experience  with  this 
disease,  and  that  country  and  Austria  constantly  supply 
the  German  towns  on  their  borders  with  fresh  cases. 
Roumania,  Servia,  Bulgaria  and  Turkey  are  by  no  means 
free,  although  the  fact  that  dogs  in  the  latter  country 
suffer  more  often  from  ^^dumb"  rabies  explains  the  rea- 

4.  Frledberger  and  Frohncr :  Spezielle  Pathologle  und  Therapio 
der  Haustlere,  1904,  11,  548. 

5.  See    maps,    etc..    In    Kitt's    Was    muss    jeder    Hundebesltzer 

wissonV     Stuttgart,  1908. 
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son  why  it  is  not  wider-spread  in  that  land."  Rabies 
is  also  frequently  reported  in  Africa  and  Asia. 

It  is  naturally  the  pride  of  health  boards  and  of  gov- 
ernments to  show  as  little  disease  as  possible  in  their 
respective  communities,  and  it  is  doubtless  always  with 
regret  that  they  report  outbreaks  of  infectious  disease. 
Therefore,  if  official  figures  are  to  be  misrepresented, 
they  would  naturaly  be  minimized  rather  than  otherwise. 
We  must  consequently  assume  that,  if  the  figures  given 
for  rabies  and  all  other  infectious  diseases  occurring  in 
various  lands  are  not  true  figures,  they  probably  and 
undoubtedly  represent  fewer  cases  than  actually  occur, 
inasmuch  as,  unless  remarkable  supervision  is  exercised, 
numerous  cases  of  disease  are  never  reported,  or  escape 
detection. 

In  Xorth  America  rabies  exists  in  Canada,  Mexico, 
Cuba  and  very  widely  in  the  United  States.  Accurate 
mortality  statistics  for  all  the  states  are  impossible  to 
obtain,  as  they  are  not  kept  with  the  same  precision  as 
in  some  European  countries,  nor  has  the  prevalence  of 
rabies  in  animals  been  recorded  with  much  accuracy. 
We  know,  however,  that  it  has  existed  here  for  about 
a  century  and  a  half.  The  first  outbreak  occurred  in 
Boston  in  1768,  and  in  1770  and  1771  it  was  observed 
in  dogs  and  foxes  in  the  same  vicinity.  It  was  reported 
in  Philadelphia  in  1779  and  also  in  Maryland.  In  1785 
it  was  prevalent  throughout  the  northern  states  and  soon 
after  spread  to  the  southern  states.^  Peters^  quotes  from 
a  Boston  newspaper  of  1798,  which  indicates  that  the 
disease  existed  in  Rhode  Island  at  that  time,  and  there 
is  little  doubt  that  it  has  existed  there  and  in  many 
other  states  from  time  to  time  ever  since.  For  example, 
it  must  have  been  prevalent  in  Massachusetts  between 
1876  and  1882,  for  during  that  period  44  people  died  of 
rabies,  and  again  between  1888  and  1894  there  must 
have  been  another  outbreak,  for  45  people  died  of  it  dur- 

6.  KemUnger  and  Mnstapha-Effendi,  Hutyra  and  Marck :  SpezieUe 
Pathologic  und  Theraple  der  Haustlere,  1909,  i,  467 ;  Rcmlinger : 
Rabies  in  tlie  Street  Dogs  of  Constantinople,  Jour.  Tropical  Veteri- 
nary Science,  1909,  iv,  561.  In  this  article  Remlinger  offers 
another  explanation,  not  for  the  Ottoman  Empire,  but  for  the  city 
of  Constantinople.  In  closing  he  says :  "It  is  in  the  special 
conditions  under  which  street  dogs  live,  in  their  distribution  into 
distinct  groups,  in  the  subtle  instinct  which  makes  the  others- 
avoid  a  rabid  dog,  to  which  we  must  attribute,  more  than  to  any 
peculiarities  in  the  disease  itself,  the  rarity  of  rabies  in  Constanti- 
nople street  dogs." 

7.  Moore :  The  Pathology  of  Infections  Diseases  of  Animals,  190G» 

8.  Peters :  Am.  JoUr.  Pub.  Hyg.,  1907,  p.  96. 


8 

ing  this  period.^  The  largest  number  of  deaths  in  any 
one  year  was  17  in  1890;  15  in  1878,  and  14  in  1877  and 
again  in  1889.  Previous  to  this  the  reports  show  that 
28  people  died  of  hydrophobia  between  1842  and  1876, 
the  number  varying  considerably  with  the  years,  often 
no  deaths  and  once  as  many  as  6  in  1854. 

In  Massachusetts  vital  statistics  of  this  disease  in  ani- 
mals began  to  be  kept  in  1895,  and  Table  1  is  made 
from  the  reports  of  the  Cattle  Commission  (now  the 
Cattle  Bureau),  the  Boston  Board  of  Health,  the  State 
Board  of  Health,  Massachusetts  reports  of  births,  mar- 
riages, deaths,  etc.,  and  from  figures  kindly  given  me 
by  the  Health  Department  of  the  City  of  New  York 
and  by  Dr.  Eambaud  of  the  Pasteur  Institute  of  New 
York. 

TABLE  1.— RABIES  IN  MASSACHUSETTS 

People  Exposed 

MortaUty  and  Given 

MortaUty         Other      Mortality  the  Pasteur 

Year.              Dogs.          Animals.      People.  Treatment. 

1895 4        0       0  11 

1896 12        2        2  7 

1897 19        8       0  8 

1898 25        2       2  11 

1899 110  3 

1900 3        0       0  0 

1901 11        0        0  1 

1902 2        0        0  1 

1903 110  1 

1904 2        0        0  0 

1905 98        5       2  12 

1906 356       43       8  133 

1907 741       37       2  165 

1908 511       53       5  144 

These  figures  are  fairly  accurate,  although  probably 
far  too  low,  as  there  can  be  no  doubt  that  many  cases 
in  animals,  and  men  also,  were  never  reported.  Sus- 
picious cases  are  not  included  in  the  above  table;  the 
figures  represent  only  such  cases  as  were  demonstrated 
beyond  all  reasonable  doubt  to  be  actual  cases  of  rabies, 
either  by  a  clear  history  of  a  bite  by  a  rabid  dog  and 
subsequent  typical  symptoms,  by  the  presence  of  Negri 
bodies,  by  lesions  in  the  Gasserian  ganglia,  by  animal 
inoculation  and  often  all  of  these  proofs  in  sequence. 

Many  of  our  states  would  show  a  similar  or  a  worse 
record  if  figures  were  obtainable,  but  they  are  dij05cult 
to  secure.^®  There  is  little  doubt,  however,  that  the  dis- 
ease is  widely  spread  over  the  country,  and  few  states, 
if  any,  are  free  from  it. 

9.  Rep.  Mass.  State  Board  of  Health. 

10.  Kerr,  J.  W.,  and  Stimson,  A.  M. :  The  Prevalence  of  Rabies  in 
the  United  States,  The  Journal  A.  M.  A.,  Sept.  25,  1909,  liii,  989. 
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Yet  in  spite  of  ail  liistorie  and  scientific  evidence  tliere 
are  a  few  medical  men  who  say  they  do  not  believe  there 
is  any  such  disease  as  rabies.  They  accept  without 
remark  other  infectious  diseases,  but  rabies  is  beyond 
their  comprehension.  If  asked  why  they  hold  such  con- 
trary opinions,  their  usual  reply  is  that  they  have  never 
seen  a  case.  Perhaps  they  have  also  not  seen  smallpox, 
glanders,  trypanosomiasis  or  China,  yet  they  do  not  deny 
their  existence. 

Here  are  two  historic  and  scientific  facts  which  have 
been  demonstrated  over  and  over  again: 

1.  If  ten  persons  are  exposed  to  the  same  gonorrheal 
infection,  a  varying  per  cent,  will  surely  contract  the 
disease,  unless  preventive  measures  are  employed. 

2.  If  a  rabid  dog  bites  ten  persons,  or  animals,  a  vary- 
ing per  cent,  will  surely  become  rabid  unless  preventive 
measures  are  employed.  And  yet  it  is  as  difficult  to  con- 
vince the  person  who  accepts  the  one  and  rejects  the 
other  as  it  is  to  convince  the  man  who  refuses  to  trust 
the  scientific  evidence  that  the  earth  is  not  flat. 

It  is  often  stated  that  Pasteur  institutes  do  not  prevent 
rabies,  but  cause  it.  They  may,  so  far  as  they  insure  a 
very  reliable  protection  against  the  disease  and  conse- 
quently induce  a  carelessness  in  enforcing  proper  dog 
laws  which  in  themselves  would  be  sufficient  to  stamp  it 
out. 

Pasteur  institutes  are  of  two  kinds,  public  and  private. 
Public  Pasteur  institutes  are  established  by  endowment, 
such  as  the  Pasteur  Institute  in  Paris;  by  governments 
such  as  those  of  the  United  States  Public  Health  and 
Marine-Hospital  Service  at  Washington,  the  New  York 
City  Board  of  Health  and  the  Consejo  Superior  de  Salu- 
bridad,  Mexico  City ;  by  universities,  such  as  the  Pasteur 
Institute  of  the  Universities  of  Moscow  and  Bucharest. 
These  are  founded  for  the  benefit  of  the  people  of  the 
country  and  for  the  study  of  this  and  other  diseases. 
Private  Pasteur  institutes  are  what  the  name  implies, 
but  it  is  as  unfair  to  impute  ulterior  motives  to  their  pro- 
prietors as  it  is  to  assert  that  all  physicians  have  but  one 
end  in  view  in  the  practice  of  their  profession.  Both 
do  an  immense  amount  of  charitable  work  which  is  never 
mkde  public,  and  for  which  they  often  receive  not  even 
a  thank-you. 

Pasteur  in&titutes  will  cease  to  exist  as  soon  as  prop- 
erly enforced  dog  laws  eradicate  rabies,  for  no  infectious 
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disease  can  be  so  easily  eradicated.  It  only  needs  the 
cooperation  of  humanitarians  and  real  dog  lovers  to  pass 
and  enforce  the  necessary  dog  laws,  and  in  a  few  years 
this  will  be  accomplished.    (See  English  statistics.) 

The  Pasteur  preventive  treatment  has  reduced  the 
mortality  of  persons  bitten  by  rabid  animals  from 
between  6  and  14  per  cent,  to  a  fraction  of  1  per  cent. 
The  statistics  of  all  the  Pasteur  institutes  show  this. 
No  class  of  men  is  more  ready  to  discredit  the  work 
of  his  brother,  or  is  a  more  severe  critic,  than  the  scien- 
tist who  controls  the  work  of  another,  yet  the  statistics 
of  all  institutions  giving  the  Pasteur  treatment  singu- 
larly agree.  They  may  be  read  in  the  reports  of  the 
various  governments  and  universities  or  in  the  Annales 
de  PInstitut  Pasteur  from  the  time  of  the  first  publica- 
tions by  Pasteur. 

A  few  tables  will  suffice  to  illustrate.  To  quote  from 
Law  :^^ 

The  following  table  gives  the  number  of  individuals  treated 
who  had  been  bitten  by  animals  which  had  been  proved  rabid 
by  successful  inoculation  of  other  animals,  and  of  those  bitten 
by  reputedly  rabid  animals,  and  their  respective  mortality: 

TABLE  2.— RESULTS   OF   TREATMENT  IN  PERSONS   BITTEN 
BY    ANIMALS     SUSPECTED    AND    PROVED 

RABID,  RESPECTIVELY       ^ied.      MortaUty. 

% 
Bitten    by    animals    proved    rabid    by 

inoculation    2,872  20  0.60 

Bitten  by  animals  pronounced  rabid  by 

veterinarian     12,547  61  0.48 

Bitten  by  animals  suspected  of  rabies.  4,747  15  0.31 

Average  mortality 0.46 

The  Pasteur  treatment  by  its  great  success  in  persons  who 
liave  already  been  bitten  has  in  a  great  measure  robbed  hydro- 
phobia of  its  terrors,  only  it  must  be  resorted  to  as  early  as 
possible  in  the  period  of  incubation. 

In  this  connection  it  should  be  remembered  that  there 
is  no  known  cure  for  rabies  when  symptoms  have  once 
appeared  and  that  death  follows  a  train  of  well-recog- 
nized phenomena,  agonizing  to  the  sufferer ;  and  the  deli- 
rium and  mania,  the  violent  reflex  spasms  of  mouth  and 
larynx  with  inability  to  swallow,  are  harrowing  to  the 
observer  no  matter  how  extensive  his  experience  as  a 
forced  witness  of  others'  suffering.  Physicians  who  have 
been  so  unfortunate  as  to  see  a  person  with  hydrophobia 

11.  Law:  Veterinary  Medicine,  1900,  iv,  331. 
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usually  have  no  desire  to  see  another,  and  find  difficulty 
in  eliminating  the  haunting  recollection. 

The  figures  of  the  Pasteur  Institute  of  Paris/^  1886- 
1907,  are  given  in  Table  3. 

TABLE  3.— FIGURES  OF  THE  PASTEUR  INSTITUTE  OF  PARIS, 

1886-1907 

Year.   Persons  Treated.    Deaths.      MortaUty. 

% 

1886 2,671  25  0.94 

1887 1,770  14  0.79 

1888 1,622  9  0.55 

1889 1,830  7  0.38 

1890 1,540  5  0.32 

1891 1,559  4  0.25 

1892 1,790  4  0.22 

1893 1,648  6  0.36 

1894 1,387  7  0.50 

189.'» 1,520  5  0.38 

1896 1,308  4  0.30 

1897 1,521  6  0.39 

1898 1,465  3  0.20 

1899 1,614  4  0.25 

1900 1,420  4  0.28 

1901 1,321  5  0.38 

1902 1.005  2  0.18 

1903 628  2  0.32 

1904 755  3  0.39 

1905 727  3  0.41 

1906 772  1  0.13 

1907 786  3  0.38 

The  figures  in  this  table  are  similar  to  those  of  all  the 
Pasteur  institutes  of  the  world,  for  example  that  of 
Tunis,^^  where  in  1906,  489  persons  were  treated,  with 
no  deaths.  Since  the  foundation  of  this  institute  2,490 
persons  have  been  treated,  with  9  deaths,  or  a  mortality 
of  0.36  per  cent. 

At  the  Pasteur  Institute  of  the  University  of  Buchar- 
est, in  1903-1905,  3,091  persons  were  given  the  pre- 
ventive treatment  and  none  died. 

In  Berlin,  in  1898-1902,  1,416  jDcrsons  were  given  the 
Pasteur  preventive  treatment,  of  whom  12,  that  is  0.84 
per  cent.,  died  of  rabies,  while  among  those  not  treated 
the  mortality  was  6.9  per  cent.  In  Prussia  during  the 
year  1907,  281  persons  were  treated,  of  whom  4,  that  is 
1.4  per  cent.,  died  of  rabies,  while  of  those  not  treated 
2,  that  is  7.1  per  cent.,  died. 

At  the  Budapest  Pasteur  Institute  in  1890-1907, 
35,639  bitten  persons  received  treatment,  of  whom  159, 
that  is  0.44  per  cent.,  died  of  rabies,  while  from  1890  to 
1903,  of  1,861  bitten  persons  not  treated  266,  that  is 
14.29  per  cent.,  died  of  rabies. 

12.  ABn.  de  Tlnst.  Pasteur,  1908,  p.  557. 

13.  BuU.  de  rinst.  Pasteur,  1907,  p.  404. 
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In  1905  there  were  treated  in  forty  Pasteur  institutes 
in  various  parts  of  the  world  104,347  people,  of  whom 
560,  that  is  0.54  per  cent.,  died  of  rabies  later  than  four- 
teen days  after  treatment  had  ended.  According  to 
the  location  of  the  bite,  i.  e.,  whether  on  the  head  or  the 
hands,  the  mortality  of  the  treated  varies  from  1.99  to 
0.36  per  cent.^* 

The  Pasteur  preventive  treatment  depends  on  the 
fact  that  the  spinal  cord  of  a  rabbit  that  has  been  inocu- 
lated with  "fixed''  virus  and  died  of  rabies  in  from  six 
to  seven  days,  loses  its  virulence  day  by  day,  so  that  at 
the  end  of  fourteen  days  it  is  no  longer  capable  of  pro- 
ducing harmful  effects. 

Beginning,  then,  with  an  emulsion  of  a  small  piece  of 
cord  that  is  not  virulent,  or  slightly  so,  the  patient  is 
inoculated  daily  for  about  twenty  days  with  increasing 
strengths  of  the  virus  until  his  system  has  reacted  to 
such  a  degree  that  it  can  withstand  the  stronger  virus 
and  immunity  is  produced.  For  this  purpose  many  rab- 
bits must  be  employed.  Many  rabbits  and  guinea-pigs 
must  also  be  employed  for  the  purpose  of  diagnosis  in 
all  laboratories  where  this  work  has  to  be  done,  such  as 
laboratories  of  the  boards  of  health,  for  instance.  Hap- 
pily, however,  not  so  many  animals  must  be  used  for 
this  purpose  as  formerly,  owing  to  the  discovery  of  the 
Negri  bodies.  Unless  the  future  develops  some  other 
method  of  diagnosis  and  treatment,  this  sacrifice^  of  rab- 
bits and  guinea-pigs  must  continue  until  rabies  is  eradi- 
cated. 

An  article^'^  on  hydrophobia  which  was  recently  sent 
to  me  was  written,  doubtless,  with  the  hope  of  comfort- 
ing many  people  and  with  the  best  intentions  for  the 
general  welfare  of  the  country.  But  I  judge  that  the 
writer  has  had  no  personal  experience  with  rabies  and 
has  spent  little  time  on  the  study  of  the  accepted  scien- 
tific literature  of  this  or  any  other  infectious  disease. 
Consequently  many  of  her  statements  are  not  "facts,'' 
and  if  they  are  read  by  people  who  know  nothing  of 
medicine  or  medical  literature,  much  real  harm  will  be 
done  instead  of  evidently  intended  good. 

She  would  have  us  believe,  for  instance,  that  the  Pas- 
teur institutes  are  to  a  large  extent  responsible  for  hydro- 
phobia, whereas  it  is  the  other  way  about;  if  there  were 

14.  The  above  statistics  are  from  Hutyra  and  Marek. 

15.  White,  Caroline  E. :  Pacts  about  Hydrophobia,  Jour.  Zoophily, 
May,   1909. 
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no  rabies  there  would  be  no  institutes,  and  certainly 
the  disease  is  much  older  than  the  institutes.  To  quote 
(p.  47) :  "In  Germany,  where  there  is  scarcely  any 
hydrophobia,  they  declined  the  offer  of  the  Pasteur  Insti- 
tute." This  is  not  a  "fact,"  for  there  are  two  such  estab- 
lishments in  Germany,  the  Institut  fur  InfekUonsTcrank- 
heiten,  Berlin,  and  the  Hygienische  Institut,  Breslau; 
moreover  there  is  still  considerable  rabies  in  that  country, 
as  we  may  see  by  referring  to  the  works  already  men- 
tioned, although  now  fewer  deaths  than  formerly  in 
human  beings,  perhaps  largely  owing  to  these  very  insti- 
tutes. 

Again  to  quote  from  this  article : 

In  England  hydrophobia  is  almost  extinct.  The  report  of 
the  Registrar-General  for  Great  Britain  and  Wales  ...  in 
1907  said  that  in  1906  and  for  three  years  previously  there  had 
not  been  a  single  case  of  hydrophobia  in  the  United  Kingdom, 
and  this  same  United  Kingdom  refused  to  have  a  Pasteur 
Institute. 

Nothing  could  be  more  misleading  than  this  "fact.^^ 
The  true  reason  that  there  is  no  rabies  in  England  has 
nothing  whatever  to  do  with  Pasteur  institutes;  it  is 
merely  that  proper  dog  laws  were  enforced,  i.  e.,  all  unli- 
censed and  unmuzzled  dogs  were  destroyed,  as  also  all 
dogs  exposed  to  a  rabid  one.  The  acompanying  chart 
compiled  from  the  "Annual  Reports  of  Proceedings 
under  the  Diseases  of  Animals  Acts"  explains  the  matter 
very  simply. 

This  scheme  is  so  readily  grasped  that  explanation 
seems  unnecessary.  The  number  of  cases  of  rabies  here 
given  refer  only  to  the  dog.  Other  animals  are  excluded, 
and  I  have  only  added  the  number  of  deaths  in  man  to 
show  how  they  rise  and  fall  with  the  number  in  the  dog. 
It  should  be  remembered  that  many  English  people 
annually  took  the  preventive  treatment;  for  example,  147 
in  the  year  1892.  These  are  the  only  figures  that  I  have, 
but,  if  so  many  took  the  treatment  that  year  when  so 
few  dogs  were  reported,  it  is  fair  to  assume  that  the  num- 
ber increased  when  more  dogs  were  affected. 

Note  that  in  1892  there  were  but  38  rabid  dogs  in 
England.  At  this  time  the  authorities  listened  to  a  peti- 
tion of  *^dog-lovers"  and  removed  the  "cruel  muzzle," 
with  the  result  that  during  the  next  five  years  1,602 
dogs,  to  say  nothing  of  many  other  animals,  and  51  peo- 
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pie  died  of  the  most  agonizing  disease  known  to  the 
medical  world.  In  spite  of  this  fearful  lesson  these 
^Tiumanitarians'^  came  again  in  1899  with  another  peti- 
tion signed  by  50,000  of  them  asking  once  more  to  be 
relieved  of  the  annoyance  of  the  muzzle.  Fearing  a 
repetition  of  the  above  calamity,  the  authorities  wisely 
remained  obdurate,  with  the  result  that  in  1905  no  case 
of  rabies  ocurred  in  England,  and  there  has  been  none 
since.  The  sudden  rise  to  13  cases  in  1902  is  very 
instructive.  These  cases  occurred  in  a  wild,  hilly  dis- 
trict of  Wales  where  both  people  and  dogs  were  difficult 
to  control,  but  by  rigid  enforcement  of  the  laws  the 
trouble  was  stamped  out. 

The  muzzles  have  been  removed  from  the  dogs  in  Eng- 
land, but  will  be  resumed  with  the  appearance  of  the  first 
case  of  rabies.  Moreover,  there  is  a  strict  quarantine  of 
six  months  imposed  on  any  dog  brought  into  the  country. 

Many  people  argue  that  the  matter  was  comparatively 
simple  in  England,  but  similar  results  cannot  be  accom- 
plished here,  as  this  is  not  a  "little  island.'^  This  is  true 
to  a  certain  extent  only.  If,  for  instance,  all  dogs  of 
a  state  were  muzzled  and  a  rabid  dog  should  come  over 
the  boundary  from  a  neighboring  state  and  bite  a  number 
of  dogs,  a  certain  percentage  of  these  dogs  would  cer- 
tainly develop  rabies  if  not  destroyed,  but  the  dogs  of 
this  given  state  being  all  muzzled,  the  disease  would 
spread  no  further;  in  other  words,  it  would  be  kept  down 
to  the  minimum. 

Even  local  muzzling  may  be  of  great  value  if  properly 
enforced.  For  example,  not  long  ago  a  rabid  dog 
attacked  a  number  of  school  children  and  bit  several  of 
them  severely,  necessitating  their  taking  the  Pasteur 
treatment.  This  dog  ran  from  a  neighboring  town 
where  a  muzzling  order  existed  at  that  time,  and,  had  he 
been  properly  muzzled  or  immediately  shot  for  not  being 
so,  this  calamity  could  not  have  occurred.  Many  similar 
instances  might  be  given. 

Even  inadequate  muzzling  sometimes  does  much  good, 
for  it  may  succeed  in  preventing  an  individual  dog  now 
and  then  from  spreading  this  truly  terrible  disease. 

If  those  opposed  to  animal  experimentation  in  general 
and  Pasteur  institutes  in  particular  are  truly  interested 
in  preventing  much  suffering  in  both  animals  and  man 
as  far  as  rabies  are  concerned,  they  should  devote  their 
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energies  to  advocating  the  adoption  of  the  historic  meth- 
ods employed  in  England  and  other  countries  for  the 
suppression  of  this  disease,  and  they  will  have  the  well- 
earned  satisfaction  of  knowing  that  they  have  accom- 
plished enormous  good  by  assisting  in  tiie  eradication 
of  rabies  from  our  country  without  any  more  annoyance 
to  the  dog  than  is  daily  experienced  by  all  our  draft  ani- 
mals in  harness. 
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[Editorial  Note: — The  following  facts  in  relation  to 
Dr.  Richardson  and  his  work  will  be  of  interest  to  the 
reader:  Since  1896,  Dr.  Richardson  has  carried  on  almost 
continuously  at  the  Massachusetts  General  Hospital  re- 
search work  connected  with  problems  relating  to  typhoid 
fever.  He  was  one  of  the  first  in  this  country  to  isolate 
the  typhoid  bacillus  from  the  stools,  urine  and  sputum, 
and  first  brought  to  the  attention  of  the  medical  profes- 
sion the  value  of  hexamethylin  in  combating  the  bacilluria 
of  typhoid  fever.  Later  investigations  have  dealt  with 
the  treatment  of  typhoid  fever  with  specific  filtrates, 
serums,  residues  and  vaccines  and  finally,  through  Dr. 
Richardson's  efforts,  antityphoid  inoculation  for  the  pre- 
vention of  the  disease  has  been  introduced  in  ten  training 
schools  for  nurses  in  Massachusetts.] 


Before  successful  warfare  can  be  waged  against  an 
infectious  disease  it  is  of  the  highest  importance,  if, 
indeed,  it  is  not  absolutely  necessary,  to  know  with  pre- 
cision the  nature  of  the  agent  which  produces  that  dis- 
ease, how  it  invades  the  individual,  what  its  method  of 
action  is,  how  it  is  excreted,  and,  finally,  how  it  per- 
petuates itself  outside  the  living  body. 

In  studying  the  possible  causes  for  any  such  infec- 
tious process,  the  suspected  causative  agents  must  be 
applied  under  strict  scientific  control  either  to  members 
of  the  human  or  of  the  animal  species  to  see  whether 
under  fixed  conditions  there  is  a  definite  relation 
between  the  suspected  causes  and  the  effects  produced 
by  them. 


Typhoid  fever,  cholera  and  dysentery  are  diseases 
associated  symptomatically  and  pathologically,  in  the 
great  majority  of  instances,  with  the  intestinal  tract, 
and  in  the  search  for  the  causes  of  these  diseases  it  was 
natural  that  study  should  focus  itself  on  the  rich  bac- 
terial flora  of  the  intestines.  This  study,  under  the 
influence  of  new  methods  developed  during  the  past 
twenty-five  years,  brought  to  light  from  the  diseased 
intestines  a  great  variety  of  living  organisms,  and  the 
relation  of  any  or  all  of  these  to  the  diseases  under  con- 
sideration offered  a  problem  of  the  greatest  complexity. 
To  inoculate  human  beings  with  the  various  organisms 
found  was  manifestly  impossible.  Eecourse  to  the  use 
of  the  lower  animals,  therefore,  had  to  be  taken,  and  in 
the  pursuit  of  knowledge  concerning  these  diseases  many 
thousands  of  animals  have,  undoubtedly,  been  sacrificed. 
It  was  found  early,  however,  that,  though  many  of  the 
intestinal  germs  caused  sickness  and  even  death  in  the 
animals  used,  a  clinical  picture  characterized  by  symp- 
toms relative  to  the  intestinal  tract  was  rarely  produced. 
An  important  link,  therefore,  in  the  chain  of  evidence 
connecting  the  germ  with  the  human  disease  was  lack- 
ing. 

In  the  early  nineties,  however,  an  important  discovery 
was  made  by  E.  Pfeiffer — a  discovery  which  has  in  many 
ways  revolutionized  our  knowledge  of  bacterial  disease.^ 
Pfeiffer  found  that  by  inoculating  guinea-pigs  and  rab- 
bits with  gradually  increasing  numbers  of  different  races 
of  bacteria,  he  could  at  last  bring  the  animals  to  a  state 
in  which  they  could  stand  without  symptoms  doses 
which,  at  first,  would  have  proved  fatal.  In  other  words, 
the  animals  had  become  immune.  In  fact,  they  resem- 
bled the  man  who,  having  passed  through  typhoid  fever, 
rarely  has  it  again. 

In  the  further  study  of  this  phenomenon,  Pfeiffer 
investigated  the  fate  of  cholera  and  typhoid  germs  when 
introduced  into  the  peritoneal  cavity  of  guinea-pigs,  and 
found  that,  whereas  in  the  untreated  animal  the  bacteria 
grew  rapidly  and  soon  caused  death,  in  the  immune  ani- 
mal the  germs  became  clumped  together  and  gradually 
dissolved,  the  animal  remaining  in  good  health. 

This  clumping  and  dissolution  of  disease  germs  in  the 
peritoneal  cavity  of  guinea-pigs  under  the  influence  of 
specific  immune  agents  is  known  as  Pfeiffer's  phenome- 

1.  Pfeiffer :  Ztschr.  f.  Hyg.,  zix,  75 ;  Pfeiffer  and  Kolle :  Ztschr. 
f.  Hyg.,  xxi,  203. 
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non,  and  constitutes  one  of  the  greatest  contributions  to 
bur  knowliedge  of  infectious  disease,  for  it  soon  became 
clear  that  similar  results  could  be  obtained  if  the  germs 
were  put  into  the  peritoneal  cavity  of  an  untreated 
guinea-pig,  provided  that  blood-serum  from  an  immune 
animal  was  introduced  at  the  same  time. 

The  next  step  was  to  show  that  the  serum  from  the 
sick  human  being  would  bring  about  similar  results  with 
the  suspected  organism,  and  the  chain  linking  the  germ 
to  the  human  disease  was  thereby  made  complete. 

Incidentally,  however,  much  more  was  accomplished. 
It  was  next  discovered  that  typhoid  and  cholera  germs 
would  undergo  in  a  test-tube  the  same  clumping,  and 
sometimes  the  saine  disintegration,  as  that  seen  in  the 
guinea-pig  when  brought  in  contact  with  typhoid  and 
cholera  serum,  and  this  fact,  further  elaborated  by  Gru- 
ber  and  Widal,  has  brought  the  so-called  Widal  test — a 
procedure  most  valuable  in  the  diagnosis  of  typhoid 
fever  and  many  other  infectious  diseases. 

From  a  known  variety  of  serum,  therefore,  we  can  now 
in  many  bacterial  diseases  determine  with  great  exact- 
ness whether  a  suspected  germ  is  the  one  corresponding 
to  that  serum,  and,  vice  versa,  given  a  known  germ,  we 
can  determine  from  the  blood-serum  whether  a  sick  man 
or  animal  is  suffering  from  an  infection  due  to  that 
germ. 

The  importance  of  these  discoveries  can  hardly  be 
overestimated.  For  example,  a  patient  is  found  to  have 
a  fever  with  symptoms  referable  to  the  intestinal  tract. 
An  organism  is  isolated  from  the  stools  and  shows  with 
a  known  cholera-serum  a  specific  reaction.  From  this 
knowledge  it  becomes  certain  that  the  patient  is  suffering 
from  cholera ;  he  is  properly  isolated,  and  possible  danger 
to  those  in  his  surroundings  is  removed.  Similar  proce- 
dures are  possible,  furthermore,  with  typhoid  and  dysen- 
tery. It  is  impossible  to  say  how  many  lives  are  saved 
annually  and  how  much  disease  and  suffering  are  pre- 
vented through  these  methods  of  diagnosis  alone,  made 
possible  by  the  discovery  of  Pfeiffer^s  phenomenon. 

This  work  of  Pfeiffer,  moreover,  was  of  equal  if  not 
greater  importance  in  another  direction.  As  stated  above, 
Pfeiffer  found  that  by  inoculating  animals  with  gradu- 
ally increasing  doses  of  disease  germs  the  animals  could 
be  made  immune  against  these  specific  diseases.  Fur- 
thermore, it  became  plain  that  the  blood-serum  of  an 


animal  which  had  been  made  immime  to  a  certain  infec- 
tion would  give  protection  when  introduced  into  the 
body  of  a  normal  animal.  This  fact  stimulated  investi- 
gation all  over  the  world  and,  as  a  result,  we  now  have 
not  only  means  for  preventing  the  occurrence  of  dis- 
ease but  also  for  its  cure  when  once  acquired. 

For  the  prevention  of  the  three  diseases  under  dis- 
cussion the  method  commonly  employed  is  that  of  pio- 
tective  inoculation,  which,  as  above  stated,  is  a  direct 
outgrowth  of  experimental  work  on  artificial  immunity 
in  animals.  Subcutaneous  injections  are  made  of  dead 
bacteria  in  varying  amounts,  from  which  injections 
there  results,  at  most,  a  mild  and  transient  illness. 

The  human  body,  however,  having  overcome  the  in- 
fection in  mild  form,  is  for  considerable  periods  of  time 
thereafter  in  a  condition  to  resist  with  unusual  strength 
any  subsequent  exposure  to  the  disease. 

In  cholera,  for  instance,  Haffkine^  found  that  the  in- 
cidence of  the  disease  among  those  inoculated  was  one- 
tenth  that  among  the  uninoculated. 

As  to  bacillary  dysentery,  Shiga^  inoculated  in  Japan 
10,000  people  with  a  mixture  of  dead  bacilli  and  spe- 
cific dysentery  serum.  The  incidence  of  the  disease  was, 
to  be  sure,  not  much  affected,  but  the  death-rate  was 
reduced  from  25  per  cent,  to  practically  nothing. 

In  typhoid  fever,  protective  inoculation  has  been  prac- 
ticed to  a  considerable  extent,  especially  in  the  British 
army.  Leishman*  states  that  of  5,473  soldiers  who  were 
inoculated  only  21  became  subsequently  infected,  and  of 
these  but  2  died.  Of  6,610  soldiers  uninoculated  but  in 
the  same  regiment,  187  had  typhoid  fever  and  26  died. 

During  the  Spanish-American  war,  out  of  107,973  en- 
listed men  20,738  had  typhoid  fever  and  1,580  died  of  the 
disease.  According  to  the  English  experience,  protective 
inoculation  in  typhoid  fever,  impossible  except  through 
knowledge  gained  by  animal  experimentation,  would 
have  saved  thousands  of  American  soldiers  from  sickness 
and  hundreds  from  death,  to  say  nothing  of  the  second- 
ary typhoid  fever  spread  by  these  soldiers  throughout 
the  country  during  their  convalescence,  for,  as  is  now 
known,  about  4  per  cent,  of  persons  who  have  typhoid 
fever  become  chronic  carriers  of  the  disease,  through  the 
presence  of  typhoid  bacilli  either  in  the  stools  or  urinfes, 

2.  Haflfkine :  Bull,  de  Tlnst.  Pasteur,  Sept.  15  and  30,  1909. 

3.  Shiga:  Osier's  Modern  Medicine,  1907,  ii,  800. 

4.  Leisbman :  Jour.  Roy.  Army  Med.  Corps,  February,  1909. 


or  both.  Similar  conditions  obtain  in  cholera  and  dys- 
entery. 

The  role  of  carriers  in  the  spread  of  these  infections 
is  a  most  important  one,  and  one  unsuspected  until 
within  recent  years.  The  knowledge  that  such  indi- 
viduals may  exist  in  any  community  will  strengthen  to 
a  very  great  extent  the  hands  of  the  health  officer  in 
checking  the  ravages  of  these  diseases,  but  this  source 
of  infection  could  never  have  been  discovered  had  not 
the  lives  of  many  animals  been  sacrificed  in  establishing 
the  identity  of  the  specific  organism. 

Protective  inoculation  for  typhoid  fever  has  been  in- 
troduced recently  into  the  United  States  army.  I  have 
instituted  this  practice^  at  the  Massachusetts  General 
Hospital  among  the  nurses  and  ward  tenders,  who,  dur- 
ing the  summer  and  fall  seasons,  are  especially  exposed 
to  this  disease. 

Stimulated  by  the  success  attained  through  the  use 
of  antitoxin  in  diphtheria,  much  experimentation  has 
been  done  in  an  effort  to  secure  similar  protective  serums 
for  cholera,  dysentery  and  typhoid. 

With  cholera,  the  results  thus  far  have  not  been  very 
encouraging.  In  dysentery,  however,  favorable  reports 
of  serum  treatment  of  those  afflicted  with  the  disease 
come  from  Russia,  France,  England,  Austria  and  Japan. 
Shiga,  for  instance,  treated  298  dysentery  patients  with 
a  death-rate  of  from  9  to  12  per  cent.  In  212  patients 
treated  with  drugs  the  mortality  was  22  to  26  per  cent. 
In  typhoid  fever,  Chantemesse^  treated  1,000  cases  with  a 
deiath-rate  of  4.3  per  cent.  Of  5,621  patients  to  whom 
routine  treatment  was  given  during  the  same  period,  17 
per  cent.  died. 

As  the  result,  therefore,  of  the  combined  studies  of 
research  workers  throughout  the  world  during  the  past 
thirty  years,  we  know  what  causes  cholera,  dysentery  and 
typhoid ;  we  know  how  the  diseases  are  transmitted ;  we 
know  how  to  determine  whether  or  not  an  individual 
has  one  of  these  diseases;  we  know  how  to  protect  a 
human  being  against  these  diseases;  and,  finally,  how  to 
help  him  intelligently  when  he  is  sick. 

To  gain  this  knowledge,  experimentation  on  many 
thousands  of  animals  has  been  necessary.  Can  there  be 
any  doubt  that  this  experimentation  has  justified  itself? 

145  State  House. 

5.  Richardson,  M.  W. :  Am.  Jour.  Pub.  Hyg.,  August,  1909. 

6.  Chantemesse :  Hygiene  g&n  et  appliqu6,  1907,  p.  577. 
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The  first  public  demonstration  of  surgical  anesthesia, 
which  toojc  place  in  this  hospital  on  Oct.  16,  1846,  was 
the  great  event  that  we  celebrate  anew  to-day.  From 
this  building  the  blessed  are  spread  rapidly  over  the  civ- 
ilized world,  the  most  beneficent  gift  which  chemical  and 
medical  science  has  conferred  on  mankind.  "The  Death 
of  Pain,^^  of  which  Dr.  Weir  Mitchell  sang  on  the  fiftieth 
anniversary  of  this  memorable  event,  has  not,  however, 
been  the  only  precious  fruit  of  that  successful  use  of 
anesthesia  in  surgery.  Dr.  Mitchell  pointed  out  that  the 
anesthesia  which  was  here  demonstrated  was  no  comet 
thought,  which  shone  for  a  time,' but  gave  no  constant 
light.  "On  the  contrary,  the  discovery  was  not  only  to 
revolutionize  surgery  and  obstetrics,  but  also  to  yield 
unimagined  beneficial  results,  because  it  would  steadily 
enlarge  the  range  of  medical  research,  and  particularly 
would  open  to  humane  and  far-seeing  investigators  the 
great  field  of  animal  experimentation. 


The  radiant  morning  broke,  and  ambler  hope 
To  art  and  science  gave  illumined  scope." 


Seventeen  years  after  the  discovery  we  here  com- 
memorate came  the  wonderful  invention  of  the  antiseptic 
treatment  of  wounds,  whether  the  results  of  accident  or 
of  surgical  interference.  These  two  discoveries  together 
enable  the  surgeon  and  the  medical  investigator  to  count, 
first,  on  painless  operations  and,  secondly,  on  safe  recov- 
eries.    In  animal  experimentation  both  the  painless 

*  Address  deUvered  at  the  Massachusetts  General  Hospital  on 
the  sixty-third  anniversary  of  Ether  Day,  Oct.  16,  1909. 


operation  and  the  safe  recovery  are  usually  necessary  to 
any  instructive  results.  Together  they  have  made  the 
extraordinary  development  of  modem  surgery  possible, 
and  they  have  opened  a  great  field  of  animal  experi- 
mentation, which  has  already  yielded  invaluable  addi- 
tions to  our  knowledge  of  physiology,  pharmacology  and 
pathology.  Animal  experimentation  has  already  given 
mankind  by  far  the  larger  part  of  all  the  exact  knowl- 
edge of  medicine  now  possessed,  since  medical  and  sur- 
gical experimentation  on  human  beings  has  ordinarily 
been  impossible,  at  least  until  animal  experimentation 
has  shown  the  profitable  direction  and  safe  limits  of 
experiment. 

Three  doubts  are  often  suggested  concerning  the  value 
of  the  animal  experimentation,  which,  with  the  help  of 
anesthesia  and  asepticism,  has  been  earnestly  prosecuted 
by  many  disinterested  and  humane  seekers  for  truth 
during  the  past  forty  years.  The  first  doubt  relates  to 
the  connection  between  medical  research  and  medical 
practice.  Is  there,  as  a  matter  of  fact,  any  close  connec- 
tion between  medical  and  surgical  research  and  the  treat- 
ment of  diseases  or  wounds  ?  Or,  in  other  words,  ha^ 
biologic  research  really  contributed  to  the  success  of  the 
medical  art?  The  second  doubt  is  more  complex  and 
obscure,  but  not  less  crippling.  What  is  the  use  of  try- 
ing to  ascertain  the  nature  of  a  disease  in  animals  when 
it  is  not  known  that  the  same  disease  occurs  in  men,  or 
that  the  treatment  successful  for  an  animal  would  be 
successful  for  men?  Or,  in  other  words,  is  the 'search 
for  truth  through  experiments  on  animals  justifiable, 
when  it  is  not  known  that  the  scientific  results,  though 
true,  or  sound  as  knowledge,  can  have  any  effect  what- 
ever on  human  well-being  ?  The  third  doubt  is  felt  most 
commonly  by  persons  who  make  pets  of  domestic  ani- 
mals, and  particularly  of  dogs.  It  may  be  fairly  stated 
in  this  form — is  truth-seeking  in  biology  commendable, 
even  with  the  help  of  anesthesia  and  asepticism,  if  the 
search  be  conducted  at  the  expense  of  the  comfort,  joy, 
or  life  of  animals  ?  In  the  minds  of  many  intelligent 
persons  these  questions  are  at  a  stage  of  doubt  or 
inquiry;  but  by  many  others,  whose  temperaments  and 
mental  habits  are  more  impetuous,  these  questions  have 
already  been  hotly  answered  in  the  negative. 

The  first  doubt  may  be  resolved  in  two  ways :  first,  by 
mention  of  the  actual  achievements  in  medicine  which 
have  unquestionably  resulted  from  the  last  century's 


studies  in  comparative  medicine  and  from  fifty  years  of 
active  animal  experimentation;  and,  second,  by  describ- 
ing the  legitimate  hopes  for  the  future  of  medicine  and 
surgery  which  are  founded  on  the  rapid  progress  of 
medical  science  and  art  since  bacteriology  became  a  rec- 
ognized science. 

The  first  immense  practical  result  of  the  combined 
study  of  diseases  in  animals  and  man  was  vaccination, 
instead  of  inoculation,  as  a  protection  against  smallpox. 
It  is  not  too  much  to  say  that  the  most  destructive  and 
appalling  scourge  of  mankind^  has  been  brought  under 
control  by  Jenner^s  discovery  ^^that  the  cowpox  protects 
the  human  constitution  from  infection  of  th.e  smallpox,^^ 
the  source  of  the  infection  for  cowpox  being  ^^a  peculiar 
morbid  matter  arising  in  the  horse.^^  Aristotle,  Galen, 
Leonardo  da' Vinci,  and  Harvey  studied  animals  and 
experimented  on  them  in  making  their  great  contribu- 
tions to  anatomy  and  physiology;  but  their  discoveries, 
though  fundamental,  did  not  have  such  immediate  and 
world-wide  applications  to  medical  art  as  Jenner^s  dis- 
covery had.  Moreover,  to  maintain  vaccination  as  a  uni- 
versal practice  among  civilized  nations  requires  the  con- 
stant use  of  heifers  to  supply  an  uncontaminated  vac- 
cine. 

Another  great  gain  in  medical  art,  and  consequent 
great  gain  for  the  human  race,  is  the  newly  acquired 
power  to  control  infectious  diseases  which  has  resulted 
from  the  discovery  of  their  living  contagia  and  of  the 
means  of  defeating  those  contagia..  Under  this  head 

1.  Careful  records  give  documentary  evidence  that  "In  the 
twenty-eight  years  before  vaccination  in  Sweden  there  died  each 
year  from  smallpox  out  of  each  1,000,000  of  population,  2,050  per- 
sons ;  during  the  forty  years  following  vaccination,  out  of  each 
1,000,000  of  population  the  smallpox  deaths  annually  averaged  158. 
Such  figures  might  be  multiplied  by  reference  to  the  records  of  other 
countries.  .  .  .  The  decline  in  death  rate  has  been  limited  entirely 
to  persons  below  the  age  of  fifteen.  The  percentage  of  mortality 
borne  by  children  the  subject  of  measles,  scarlet  fever,  and  whooping 
cough,  does  not  differ  materially  from  what  it  was  a  century  ago." 
J.  F.  Schamberg,  The  Journal  A.  M.  A.,  1909,  111,  69. 

The  mean  number  of  deaths  from  smallpox  per  1,000,000  inhabi- 
tants for  twenty  years  (1880-1899)  was:  in  the  German  Empire, 
with  compulsory  vaccination  and  revaccination,  1.8 ;  in  Belgium  and 
Spain,  without  compulsory  vaccination,  respectively  206  and  605.  In 
the  Prussian  army  there  has  not  been  a  single  death  from  smallpox 
since  the  vaccination  law  was  first  enforced  in  1874. — S.  W.  Abbott, 
Buck's  Handbook  of  the  Medical  Sciences,  1904,  viii,  126,  130. 

In  seven  provinces  of  the  Philippine  Islands  there  has  been  for 
a  number  of  years  an  annual  mortality  from  smallpox  of  more  than 
6,000 — indicating  about  25,000  cases.  In  the  twelve  months  follow- 
ing the  completion  of  vaccination  in  the  seven  provinces  there  was 
not  reported  one  death  from  the  disease. — Annual  Report  of  the 
Bureau  of  Health  for  the  Philippine  Islands,  1907,  p.  20. 


comes  serum  therapy,  which  is  now  applied  with  extraor- 
dinary success  in  diphtheria,^  tetanus,  and  meningitis. 
These  three  diseases  might  fairly  be  said  to  have  been 
uncontrollable  by  medical  art,  until  comparative  medi- 
cine and  animal  experimentation  discovered  and  brought 
into  use  their  appropriate  treatments.  The  mortality 
from  these  diseases  was  frightful,  and  the  terror  and 
suffering  they  caused  were  therefore  extreme. 

Many  other  formidable  diseases  have  been  brought 
under  much  better  control  through  the  results  of  medical 
research,  such  as  dysentery,  cholera,  typhoid  fever,  puer- 
peral fever,^  the  plague,  tuberculosis,  syphilis,  and  cer- 
tain tropical  diseases  caused  by  parasites.  Sanitary 
science,  including  the  diagnosis  and  control  of  contagi- 
ous diseases  and  the  detection  of  injurious  foods  and 
adulterated  drugs,  is  deeply  indebted  to  the  new  biologic 
science  of  bacteriology,  the  whole  of  which  has  been  built 
up  by  researches  on  and  with  lower  forms  of  life  in  con- 
nection with  the  higher.  In  thus  obtaining  through 
animal  experimentation  a  better  knowledge  of  the  causes 
and  sources  of  disease  in  both  men  and  animals,  the 
economic  results  have  had  very  great  importance  in  addi- 
tion to  the  deliverance  of  the  human  race  from  suffering 
and  untimely  death.  Thus,  the  discoveries  that  Texas 
fever  was  induced  in  cattle  by  the  bite  of  a  tick,  that 
chills  and  fever  were  produced  in  human  beings  by  cer- 

2.  In  the  year  1883  (the  year  before  the  bacillus  of  diphtheria 
was  discovered)  in  the  eighteen  greatest  cities  of  the  world,  97  In 
each  100,000  of  the  population  died  of  diphtheria;  in  1893,  '81. 
In  1894  (just  before  the  general  introduction  of  sero-therapy)  79 
died,  and, in  1904  only  20.  In  twenty  years,  therefore  the  mortality 
had  been 'reduced  to  less  than  one-fourth  of  what  It  had  been.  In 
New  York  City  alone  the  reduction  In  mortality  means  a  difference 
of  3,000  lives  annually. — W.  H.  Park,  Department  of  Health,  New 
York  City,  in  a  pamphlet  on  Diphtheria. 

In  1888,  before  the  discovery  of  sero-therapy,  there  were  1,729 
deaths  from  diphtheria  in  Paris;  in  1895  the  practice  of  sero- 
therapy became  general  in  Paris,  and  the  number  of  deaths  was 
435.  By  1902  the  best  methods  of  using  the  serum  was  learned  and 
definitely  established ;  the  mortality  for  the  three  years  1903-05  was 
288. — Richet :  Pros  and  Cons  of  Vivisection,  p.  123. 

3.  Frequently  in  maternity  hospitals  outbreaks  of  puerperal  fever 
occurred  that  had  appalling  mortality.  In  Vienna,  from  October, 
1841,  to  May,  1843,  5,139  women  were  delivered  and  829  died.  In 
Paris  during  April  and  May,  1856,  64  to  347  patients  died ;  In  1864 
there  were  310  deaths  in  1,350  cases;  in  1866,  28  deaths  in  103 
cases.  "Women  of  the  lower  classes  looked  on  the  Maternity  as  the 
vestibule  of  death."  In  1877-78  came  the  use  of  carbolic  acid  and 
mercury  perchlorid.  The  death  rate  in  maternity  hospitals  to-day 
Is  about  0.02  per  cent. — Paget :  Experiments  on  Animals,  pp.  80,  88. 
Richet :  Pros  and  Cons  of  Vivisection,  p.  45. 


tain  parasites  in  the  blood  corpuscles  introduced  through 
mosquitoes,  and  that  the  contagion  of  yellow  fever  was 
carried  from  one  human  being  to  another  through  the 
body  of  another  kind  of  mosquito,  are  all  triumphs  of 
comparative  medicine  and  animal  experimentation  whose 
economic  value  is  very  high.  The  men  who  did  this  work 
had  spent  their  lives  in  laboratories,  and  all  their  concep- 
tions in  research  were  based  on  animal  experimentation. 

It  should  also  be  observed  that  the  successful  treat- 
ment of  diseases  in  man  which  can  be  controlled  through 
the  use  of  antitoxins  depends  as  yet  on  testing  those 
antitoxins  on  animals,  after  they  have  been  prepared 
from  the  blood  of  animals  inoculated  with  them.  For 
example,  there  is  no  way  at  present  of  determining  that 
a  given  sample  of  diphtheria  antitoxin  made  from  the 
blood  of  a  horse  is  strong  enough  to  use  on  a  human 
child  except  by  trying  it  on  a  guinea-pig  or  some  such 
animal.  The  day  may  come  when  men  will  be  able  to 
prepare  synthetically  the  effective  agent  of  diphtheria 
antitoxin  in  a  pure  and  isolated  form ;  but  at  present  bio- 
logic chemistry  is  utterly  unable  to  say  what  that  effec- 
tive agent  is,  or  what  proportion  of  it  exists  in  a  given 
sample  of  serum.  Medicine  is  making  successful  use  of 
a  complex  preparation  which  it  can  neither  analyze  nor 
compound  synthetically.  On  the  whole,  is  it  not  clear 
that  the  comparative  exemption  of  the  human  race 
to-day  from  the  occasional  pestilences  and  the  ordinary 
contagious  diseases,  which  used  to  agonize  and  devour  it, 
is  due  to  the  fact  that  biologic  research  has  placed  at  the 
service  of  every  surgeon  and  physician  effective  means, 
first,  of  preventing  disease  and,  secondly,  of  curing  it? 
In  other  words,  the  human  race  received  during  the 
nineteenth  century  immense  benefits,  hardly  yet  under- 
stood and  appreciated,  from  the  contributions  of  biologic 
research  to  the  medical  art. 

So  much  for  actual  achievements.  A  few  words  now 
on  the  legitimate  hopes  for  the  future  which  these 
achievements  inspire.  The  prospects  are  brilliant, 
indeed.  In  the  first  place,  we  have  already  learned  much 
about  the  means  of  overcoming  the  peculiar  diflBculties 
of  biologic  experimentation.  That  sort  of  experimenta- 
tion is  in  genetal  slower  than  experimentation  in  the 
exact  sciences  which  do  not  deal  with  living  bodies  and 
vital  processes.  A  single  biologic  experiment  may  need 
to  run  through  generations  of  living  and  breeding  ani- 
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mals.  With  prolific  animals,  whose  generations  are 
short,  the  element  of  time  may  not  be  exorbitant,  but 
with  the  slow-breeding  the  time  for  the  complete  per- 
formance of  a  satisfactory  series  of  experiments  may  be 
long  in  proportion  to  the  thinking  life  of  the'ex^eri- 
menter.  Thus  Jennert  demonstration  of  the  value  of 
vaccination  took  many  years*  of  his  observing  life,  and 
Pasteur^s  series  of  connected  experiments  covered  his 
observing,  imagining,  and  reflecting  lifetime.'*  In  the 
next  place,  biologic  experimentation  is  more  diflScult 
than  experimentation  in  chemistry,  physics,  or  mechan- 
ics, because  of  the  obscurity  and  complexity  of  vital 
processes,  and  because  exact  weighing  and  measuring, 
which  are  the  ordinary  methods  of  exact  inquiry,  are  not 
always  possible  where  the  subjects  of  experimentation 
are  living  bodies  in  health  or  in  disease.  In  spite  of 
these  formidable  obstacles,  an  extraordinary  increase  of 
knowledge  applicable  to  the  medical  art  has  actually 
taken  place  since  surgical  anesthesia  was  demonstrated 
in  this  hospital,  and  many  men  have  learned  how  to 
overcome  in  part  the  peculiar  obstacles^  which  beset  the 
path  of  the  biologic  inquirer. 

A  second  reason  for  expecting  more  rapid  progress 
hereafter  than  was  possible  in  the  third  quarter  of  the 
nineteenth  century — productive  as  that  period  was — 
may  be  discerned  in  the  fact  that  in  recent  years  the 
medical  inquirer  has  been  supplied  through  the  progress 
of  physical  science  with  new  instruments  of  precision 
for  observing  and  recording  his  facts.  Thus  the  tele- 
phone, the  a:-rays,  and  all  the  electrical  apparatus  for 
recording  fluent  observations  and  making  note  of  very 

4.  In  conversation  with  John  Hunter  in  1770  Jenner  suggested 
the  prophylactic  power  of  cowpox.  A  dread  of  disappointment  led 
him  to  spend  many  years  in  ot)seryation  and  investigation  before 
promulgating  his  discovery.  He  performed  his  first  public  Inocula- 
tion with  vaccine  on  May  14,  1796.  And  in  1798  appeared  his  first 
publication,  An  Inquiry  into  the  Cause  and  Effects  of  Variolae  Vac- 
cinise,  detailing  his  views  and  giving  his  proofs. 

5.  In  1853  occurred  Pasteur's  crucial  observation  that  PenioiU 
Hum  glaucum  destroyed  the  dextro-tartaric,  not  the  Isevo-tartaric 
acid,  which  indicated  the  relation  between  fermentation  and  living 
organisms.  His  papers  on  lactic  acid  in  1857  inspired  Lister.  In 
1860  he  began  his  studies  of  spontaneous  generation,  and  by  dis- 
proving its  existence  supported  his  experiments  on  fermentation. 
The  years  from  1865  to  1884  were  spent  in  practical  application  of 
his  previous  work;  silkworm  disease  (1865),  studies  on  beer  (1871), 
the  determination  of  the  constancy  of  species,  the  ammoniacal 
fermentation  of  urine  and  its  check  by  boracic  acid  (1873),  anthrax 
(1877),  furunculosis,  and  his  hospital  investigations  of  puerperal 
fever  (1878),  chicken  cholera  (1880),  rabies  (1884). 


minute  portions  of  time  and  space  have  been  valuable 
additions  to  the  resources  of  the  medical  investigator. 

Again,  in  advancing  into  new  fields  and  winning  their 
great  successes  biologists  have  clearly  seen  that  they  were 
only  working  on  the  edges  or  outskirts  of  a  great  field  of 
beneficent  discovery.  Every  achievement  has  justified  a 
great  new  hope.  Every  success  in  the  past  justifies  a 
strong  expectation  of  triumphs  to  come.  We  have  seen 
how  prodigious  have  been  the  successes  of  medical 
research  of  the  past  fifty  years.  The  legitimate  hopes 
for  the  future  based  on  these  successes  justify  us  in 
looking  forward  with  delight  to  the  continuation  and 
enlargement  of  medical  research,  and  to  an  endless  series 
of  its  invaluable  contributions  to  medical  practice  and 
public  medicine.  Now,  well-grounded  hope  is  a  power- 
ful and  legitimate  motive  in  guiding  human  conduct. 
Indeed,  there  is  none  more  so,  except  love. 

The  second  doubt,  whether  biologic  research  through 
experiments  on  animals  is  justifiable  when  it  is  not 
sure  that  the  results  obtained,  though  true,  will  have  any 
immediate  application  to  human  uses  in  medical  and 
surgical  practice,  is  best  allayed  or  removed  by  consider- 
ing how  impossible  it  is  to  tell  beforehand  what  the  ulti- 
mate results  of  a  scientific  discovery  are  to  be.  A  dis- 
covery which  to-day  seems  to-  be  what  is  called  ^^pure," 
that  is,  without  application,  turns  out  to-morrow  to  have 
applications  of  incalculable  value.  This  is  quite  as  true 
in  biologic  science  as  in  physical.  Galvani  was  a  com- 
parative anatomist  who  studied  osteology,  and  made 
excellent  observations  on  the  kidneys  and  ears  of  birds. 
His  observation  that  the  dissected  legs  of  frogs  twitched 
when  brought  in  contact  under  certain  empirical  condi- 
tions with  dissimilar  metals  turned  out  to  have  corol- 
laries and  applications  which  neither  Galvani  nor  any 
man  of  his  generation  could  possibly  have  imagined. 
The  invention  of  the  compound  microscope  and  the 
introduction  of  the  oil  immersion  lens,  which  increased 
iUumination  and  diminished  spherical  and  chromatic 
aberration,  made  it  possible  to  discover  the  infective 
agents  which  cause  disease,  and  to  study  the  minute 
changes  they  produce  in  living  tissues.  But  these 
improvements  in  tiie  microscope  have  been  due  to  inves- 
tigation of  the  way  in  which  light  is  refracted  when 
passed  through  media  of  different  density;  that  is.  they 
were  obtained  through  physical  researches  not  in  the 
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slightest  degree  prompted  or  guided  by  any  concern  for 
human  suffering,  or  any  hope  or  expectation  of  contrib- 
uting to  the  better  treatment  of  disease  in  men  or  ani- 
mals. Again,  the  ophthalmoscope,  called  by  Helmholtz 
his  ^^optical  toy/^  was  another  application  of  inventions 
in  physics  which  has  had  great  value  not  only  in  study- 
ing and  treating  diseases  of  the  eye,  but  also  in  discover- 
ing abnormal  conditions  of  the  brain. 

Again,  in  modern  medical  and  surgical  practice  the  x- 
rays  proved  of  great  value  for  detecting  bone  fractures 
or  displacements,  calculi,  pulmonary  tuberculosis,  aneu- 
risms, foreign  bodies,  and  many  other  pathologic  states, 
for  investigating  the  functions  of  internal  organs  like 
the  stomach  and  intestines,  and  for  curing  superficial 
cancer.  Now  the  a;-rays  were  discovered  in  the  course  of 
a  research  on  electrical  discharge  through  attenuated 
gases,  with  no  idea  in  the  mind  of  the  discoverer  of  any 
resulting  values  in  medicine.  Again,  the  researches  on 
oxidation  and  combustion  and  the  proofs  of  the  conserva- 
tion of  energy  were  at  first  interests  of  chemists  and 
physicists  alone.  The  application  of  these  conceptions 
to  food  values,  to  respiration  and  animal  heat,  and  the 
demonstrations  that  animal  bodies  obey  these  physical 
and  chemical  laws,  are  seen  to-day  to  be  essential  to  any 
rational  conception  of  bodily  activities  in  both  health 
and  disease.  And  yet  Lavoisier,  who  first  stated  the  true 
theory  of  oxidation  and  combustion,  never  could  have 
hai  the  smallest  vision  of  the  innumerable  biologic 
applications  of  his  doctrine  concerning  oxygen. 

Let  me  draw  a  further  illustration  from  discoveries 
which  are  peculiarly  interesting  in  connection  with  the 
anniversary  we  are  celebrating.  The  discovery  of  ethyl 
ether  by  Valerius  Cordius  in  1540,  and  the  discov- 
ery of  chloroform  by  Soubeiran  in  1831  and  by  Lie- 
big  in  1832,  were  both  made  without  the  slightest 
idea  of  the  blessings  these  liquids*  were  to  confer  on 
mankind  through  their  use  as  anesthetics.  The  ani- 
line dyes  were  elaborately  studied  with  an  eye  single 
to  their  industrial  uses ;  and  their  invaluable  uses  in  bac- 
teriology have  been  an  unexpected  and  unplanned  bene- 
ficial application.  The  basic  aniline  dyes  have  a  specific 
aflSnity  for  bacteria,  and  thus  they  render  these  minute 
organisms  easily  visible.  Certain  bacteria  are  differen- 
tiated from  other  bacteria  by  peculiar  staining  reactions 
to  these  aniline  dyes,  a  use  never  though  of  or  imagined 
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in  the  original  chemical  investigations.  The  modern 
-science  of  pharmacology  has  been  largely  dependent  on 
advances  in  organic  chemistry.  These  advances  per- 
mitted syntheses  of  related  compounds,  and  the  pharma- 
cologist then  studied  the  physical  actions  of  these  iso- 
lated compounds  in  the  hope  of  securing  better  control 
of  vital  processes  within  the  body.  Thus  through  the 
application  of  methods  developed  in  organic  chemistry 
new  local  anesthetics,  such  as  cocain  and  eucain,  new 
soporifics  like  sulphonal,  trional,  and  tetronal,  new  drugs 
for  reducing  fever — antipyrin,  phenacetin,  acetanilid — 
and  other  substances  of  large  medical  and  surgical  util- 
ity have  been  made  available;  but  the  organic  chemists 
who  made  these  inventions  or  discoveries  were  in  search 
of  pure  scientific  truth,  without  any  thought  of,  or  inter- 
est in,  the  applications  of  that  truth. 

The  development  of  Louis  Pasteur^s  ideas  and  of  the 
applications  of  his  ideas  illustrate  forcibly  the  way  in 
which  researches  apparently  in  pure  science,  and  of 
prime  interest  only  to  individual  investigators,  may 
yield  practical  results  of  highest  value  to  all  mankind. 
Starting  as  a  chemist,  Pasteur  was  struck  by  the  fact 
that  a  certain  mold  fimgus,  Penicillium  glaucum, 
destroyed  dextro-tartaric-acid,  and  did  not  affect  Isevo- 
tartaric-acid  in  the  same  solution.  From  that  observa- 
tion he  went  on  through  studies  on  lactic  acid  forma- 
tion, disease  of  beer,  silkworm  disease,  anthrax,  boils, 
puerperal  fever,  chicken  cholera,  and  rabies,  till  he  and 
others,  stimulated  by  his  researches,  were  led,  step  by 
step,  to  a  demonstration  of  the  microbic  nature  of  inf  ec- 
.  tious  diseases,  to  the  discovery  of  methods  of  conferring 
immunity  to  certain  diseases,  and  to  the  bases  of  aseptic 
surgery.  Although  the  ingestion  of  foreign  bodies  by 
living  cells  had  been  suggested  as  a  means  of  overcoming 
invading  organisms,  Metchnikoff,  a  zoologist,  first 
observed  this  phenomenon,  phagocytosis,  in  a  small  crus- 
tacean, Daphnia.  This  observation  was  fundamental  in 
comprehending  the  relation  of  phagocytosis  to  immunity, 
and  in  treating  disease  by  stimulation  of  phagocytosis. 
One  of  the  most  striking  conquests  of  disease  in  recent 
times  is  the  practical  abolition  of  yellow  fever^  in  civil- 

6.  According  to  available  records  100,000  deaths  from  yellow 
fever  have  occurred  in  the  United  States  since  1793.  The  cities 
which  suffered  most  have  been  New  Orleans  (40,000)  and  Phila- 
delphia (10,000).  As  late  as  1878,  the  mortality  from  yellow 
fever  in  the  city  of  Memphis,  Tenn.,  was  more  than  5,000  in  a 
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ized  countries,  made  possible  by  the  researches  of  Walter 
Eeed  and  his  comrades  in  Cuba.  The  happy  results  of 
their  work  could  not  have  been  obtained  if  it  had  not 
been  for  the  previous  researches  of  entomologists  who 
were  interested  in  the  scales  and  veins  on  the  wings,  and 
the  scales  and  hairs  on  the  bodies  of  mosquitoes.  The 
pure  entomologists  had  used  these  phenomena  as  means 
of  classifying  mosquitoes,  and  had  then  studied  the 
breeding  habits  of  the  different  varieties  of  mosquitoes. 
The  same  remark  might  be  made  concerning  the  ento- 
mologic  researches  into  the  habits  of  the  tick,  which  is 
capable  of  infecting  cattle  with  Texas  fever. 

These  are  only  a  few  of  the  more  striking  examples  of 
the  way  in  which  facts  obtained  in  a  disinterested  search 
for  truth,  whether  in  biology,  physics,  or  chemistry,  have 
subsequently  proved  to  be  of  the  highest  importance  in 
medical  and  surgical  practice,  and  in  sanitary  science. 
There  are  innumerable  instances  in  the  history  of  science 
and  art  in  which  discoveries  made  without  any  reference 
whatever  to  applications  for  the  benefit  of  mankind  have 
turned  out  to  be  sources  of  immense  benefits.  Hence,  the 
lack  of  certainty  as  to  the  results  of  a  given  biologic 
research  establishes  no  presumption  whatever  that  the 
research  should  not  be  made,  or  that  it  is  not  justifiable. 
In  this  respect  there  is  no  distinction  between  the  bio- 

single  epidemic.  About  25,000  are  recorded  for  Rio  de  Janiero  and 
nearly  36,000  for  the  city  of  Havana  from  the  same  cause. — James 
Carroll  in  Osier's  Modern  Medicine,  ii,  739. 

Yellow  Fevee  Death  Rate  in  Havana,   1870-1906,   Per  100,000 

Population  : 

Report  of  the  National  Sanitary  Department   of  the  Republic   of 

Cuha,  1906,  p.  79. 

Before  American  intervention.  After  American  interyention. 


1870 

300.5 

1880 

324.5 

1890 

153.6 

1895 

275.8 

1896 

639.5 

1897 

428 

1898 

67.8 

1899 

42.5 

1900 

124.0 

1901 

6.9 

1902 

0 

1903 

0 

1904 

0 

1905 

8.0 

1906 

4.3 

The  mortality  during  the  month  of  October,  between  the  years 
1889  and  1899,  ranged  from  240  in  1896  to  25  in  1899  (average  for 
ten  years  66.27).  After  Reed's  work  in  1900,  Gorgas  began  his 
campaign,  and  in  November,  1901,  reported,  "During  the  month 
we  have  had  no  cases  and  no  deaths  from  yellow  fever.  Last  year 
(1900)  we  had  during  this  month  214  cases  and  54  deaths.  This 
year  the  last  case  occurred  September  28,  that  is,  we  have  gone  over 
two  months  without  a  single  case  or  death  belonging  to  Havana.*' 
This  record  has  been  continued,  and  Havana  has  ceased  to  be  one  of 
the  epidemic  foci  of  the  disease. — G.  M.  Sternberg :  Buck's  Hand-  ■ 
book  of  the  Medical  Sciences,  viii,  585.  { 
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logic  sciences  and  the  so-called  exact  sciences  of  chemis- 
try and  physics;  and  within  biologic  science  itself  no 
distinction  should  be  made  between  a  research  into  the 
nature  or  source  of  a  disease  or  morbid  condition,  and  a 
direct  search  for  a  cure  or  a  promising  treatment.  Hence 
well-directed  animal  experimentation  is  clearly  not  only 
justifiable,  but  altogether  expedient  and  desirable,  even 
when  it  is  not  sure  that  the  results  obtained  will  have 
any  immediate  application  to  medical  and  surgical  prac- 
tice. 

The  third  doubt  which  I  propose  to  examine  is  this : 
Is  truth-seeking  in  biology  commendable,  even  with  the 
help  of  anesthesia  and  asepticism,  when  the  research 
must  be  conducted  at  the  expense  of  the  comfort,  joy, 
or  life  of  animals?  This  doubt  starts  the  whole  ques- 
tion about  the  proper  relation  of  mankind  to  the  other 
animals  which  live  with  man  on  the  surface  of  the  earth 
and  in  its  atmosphere.  The  traditional  idea  on  this  sub- 
ject has  been  that  mankind  has  dominion  ^^over  every 
living  thing  that  moveth  upon  the  earth,^^  and  may  use 
every  living  thing  as  he  pleases  for  his  own  advantage. 
Accordingly,  men  train  many  sorts  of  animals  to  labor 
for  them  and  serve  them.  The  subjection  of  many  ani- 
mals tp  human  uses  is  considered,  indeed,  one  of  the  evi- 
dences of  civilization.  Both  civilized  and  savage  men 
kill  animals  in  order  to  eat  them.  Millions  of  creatures 
are  killed  daily  for  human  f ood."^  People  have  no  scruple 
whatever  about  destroying  animal  life  for  human  uses. 
The  habits  and  the  natural  joys  of  animals  are  inter- 
fered with  on  an  immense  scale  by  the  most  humane 
people  without  the  slightest  compunction.  Think  what 
it  means  to  millions  of  cows  every  year  that  their  calves 
are  killed  and  they  are  kept  for  the  most  part  tied  up  in 
barns.  Think  what  indifference  to  the  potentialities  of 
animal  life  and  joy  the  immense  trade  in  eggs  implies. 
How  absolutely  insignificant  is  the  number  of  animals 
used  for  animal  experimentation  in  all  the  scientific 
laboratories  compared  with  the  daily  use  of  animal  prod- 
ucts the  world  over  as  food  and  clothing  for  mankind ! 
Immeasurably  more  good  is  likely  to  come  to  mankind 

7.  Every  year  there  are  slaughtered  in  the  United  States  more 
than  50,000,000  beeves,  sheep,  and  hogs,  and  250,000,000  chickens, 
turkeys,  ducks,  and  geese.  Last  year  more  than  360,000  dogs  and 
cats  were  killed  in  a  single  year  in  twenty  of  the  largest  cities  of 
the  country,  merely  to  remove  stray  animals  from  the  streets.  In 
New  York  City  alone  during  the  past  fourteen  years  more  than 
800,000  cats  and  400,000  dogs  have  thus  been  destroyed. 
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from  the  few  hundreds  of  animals  used  in  medical  and 
surgical  research  than  from  a  hundredfold  their  number 
used  as  food  or  clotiiing.  Is  the  old  conception  that  the 
animal  as  well  as  the  vegetable  kingdom  is  for  the  use  of 
man  a  wrong  one,  or  is  special  regard  to  be  paid  to  those 
few  animals  which  are  made  the  subjects  of  medical  and 
surgical  experiment? 

Man  not  only  makes  use  of  all  sorts  of  animals  for  his 
own  advantage,  but  he  destroys  without  the  slightest 
compunction  multitudes  of  creatures  that  he  considers 
noxious  to  him.  The  careful  housewife  kills  as  many 
flies,  spiders,  and  vermin  as  possible.  A  city  threatened 
with  bubonic  plague  hastily  destroys  all  the  rats  within 
its  borders.  No  community  has  the  least  compunction 
about  exterminating  any  insect  injurious  to  vegetation, 
if  it  can.  It  cannot  be  seriously  questioned  that  this 
has  been,  and  still  is  a  rational  state  of  mind  in  the 
himian  race.  If  the  educated  public  could  see  clearly  the 
imm^ise  benefits  to  mankind  which  have  already  come 
and  may  reasonably  be  expected  to  come  in  much  larger 
amount  from  the  experiments  on  animals  which  are 
necessary  to  the  progress  of  medical  research,  if  the  pub- 
lic could  only  realize  the  saving  of  human  suflEering  and 
WQe  which  has  already  resulted  and  is  sure  to  result  in 
still  greater  proportion  from  the  sacrifice  of  a  very  lim- 
ited amount  of  animal  comfort  and  joy,  the  world  would 
hear  nothing  more  of  objections  to  medical  research. 
The  most  tender-hearted  human  being  is  ordinarily 
unable  to  fix  a  limit  to  the  number  of  inferior  animals 
he  would  sacrifice  to  save  the  life  of  one  human  babv. 
Now  a  baby  is  itself  only  a  hope  or  a  potentiality,  its 
present  power  of  enjoyment  being  extremely  limited. 
"How  much,  then,  is  a  man  better  than  a  sheep  ?^* 
(Matthew  xii,  12).  What  mother  could  fix  a  limit  to 
the  number  of  times  a  comfortable  horse  should  be  bled 
moderately,  or  to  the  number  of  guinea-pigs  that  should 
be  sacrificed,  in  order  to  save  her  baby  attacked  by  diph- 
theria ?  The  tender-hearted  men  and  women  who  object 
to  animal  experimentation  have  no  vision  of  the  relief 
of  human  beings  from  agony  and  woe  which  has  come 
out  of  animal  experimentation.  If  they  had  any  such 
vision,  they  would  themselves  manifest  extraordinary 
cruelty  and  inhumanity  in  opposing  medical  research; 
in  their  present  blindness  they  attribute  delight  in 
inflicting  suffering  to  the  patient,  far-seeing,  and  far- 
hoping  seekers  for  biologic  truth.    Which  is  the  truly 


15 

humane  and  merciful  man,  the  director  of  the  Eocke- 
f eller  Institute  for  Medical  Eesearch,  who  by  producing 
cerebrospinal  meningitis  in  a  few  monkeys®  lately  suc- 
ceeded in  providing  men  with  a  successful  mode  of 
treating  that  formidable  disease,  or  the  lawyer  or  news- 
paper writer  who  endeavored  to  prevent  those  experi- 
ments on  monkeys,  and  is  ready  to  let  the  human  race 
remain  helpless  on  the  occasional  visitations  of  that 
heretofore  fatal  disease  ?  Humanity  and  mercy  are  con- 
spicuously the  attributes  of  medical  research  in  the  eyes 
of  all  people  who  can  see  what  it  has  already  done  and 
what  it  promises  to  do. 

The  civilized  world  has  come  to  believe  in  freedom  of 
inquiry  in  all  fields  as  the  best  means  of  progress  in 
knowledge,  in  manners,  and  in  righteous  living.  Now 
the  field  of  inquiry  from  which,  within  the  last  sixty 
years,  mankind  has  received  the  largest  visible,  tangible, 
concrete,  demonstrable  benefits  is  the  field  of  medical 
research,  applied  in  the  medical  and  surgical  art,  and  in 
sanitary  science.  If  freedom  of  inquiry  be  in  general 
expedient  and  righteous,  should  not  inquiry  be  free  in 
this  most  productive  of  all  fields  ?  To  secure  and  main- 
tain this  freedom  against  the  assaults  of  ignorance  and 
misdirected  sentimentality  it  is  only  necessary  that  the 
public  should  know  what  medical  research  has  done  and 
is  likely  to  do. 

The  appropriateness  to  the  day  we  celebrate  of  the 
subject  of  this  address  will  not  be  doubted  by  anyone 
who  bears  in  mind  the  fact  that  anesthesia  and  asep- 
ticism  have  been  indispensable  to  the  medical  research 
of  the  last  forty  years. 

8.  Dr.  Flexner  used  about  25  monkeys  and  perhaps  100  guinea- 
pigs.  He  now  has  records  of  nearly  1,000  human  beings  treated  by 
the  serum,  with  a  continuation  of  the  first  successes — a  reversal  of 
the  percentages,  from  70-80  per  cent  mortality  to  70-80  per  cent 
recovery,  and  already  a  saving  therefore  of  approximately  500  lives. 
Dr.  Flexner  describes  the  experiences  of  the  monkeys  in  the  experi- 
ments ;  most  of  them  became  profoundly  and  stuporously  intoxicated 
by  the  disease,  and  therefore  did  not  suffer  pain. 
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INTRODUCTORY   REMARKS 

Progress  in  pure  science  and  in  industry  brings  essen- 
tially luxurious  delights  to  mind  and  body;  the  object 
of  advance  in  the  science  of  medicine,  however,  is  in  the 
first  place  to  procure  indispensable  necessities  for  life 
and  health.  Necessities  certainly  come  before  luxuries. 
Ought  we  not  expect  to  find  sane  humanity  devoting  its 
energies  above  all  to  the  furtherance  of  progress  in  the 
domain  of  medicine?  Unfortunately,  just  the  reverse 
seems  to  be  true ;  medical  science  again  and  again  has  to 
struggle  with  obstacles  in  its  forward  march.  These 
obstacles  are  not  only  those  which  are  wilfully  thrown 
in  its  path  by  ignorant,  ill-balanced  and  noisy  individ- 
uals of  both  sexes;  even  the  noble  tendencies  of  pure 
science  not  infrequently  have  been  quite  obstructive  to  a 
wholesome  development  of  the  science  and  practice  of 
medicine.  The  root  of  the  evil  is  that  not  many  have  a 
vivid  conception  of  the  immensity  of  the  gap  which 
existed  and  still  exists  between  what  medicine  reallv 
ought  to  be  and  what  it  was  and  largely  still  is,  nor  a 
proper  conception  of  what  the  small  group  of  workers 
have  actually  accomplished  in  the  various  departments 
of  medicine. 

In  the  following  pages  I  shall  give  an  outline  of  the 
progress  made  in  our  knowledge  of  glandular  secretions, 
especially  of  the  marvelous  progress  made  in  a  brief  time 
in  our  knowledge  of  internal  secretions.  By  this  outline 
I  intend  to  demonstrate  the  inestiniable  service  which 
experiments  on  animals  have  rendered  to  that  feature  of 
the  science  of  medicine.    The  authenticated  facts  in  this 
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paper  may  thus  be  instrumental  in  disproving  insinua- 
tions and  accusations  often  raised  against  animal  experi- 
mentation by  two  diametrically  opposite  camps:  high 
science  and  low  ignorance;  the  former  frequently  insin- 
uating that  the  results  are  not  sufficiently  exact  to  be 
ranked  as  scientific  work,  and  the  other  that  animal 
experimentation  has  never  been  of  any  use  either  to 
science  or  to  the  practice  of  medicine. 

The  term  "internal  secretion^'  has  been  in  use  less 
than  two  decades,  and  the  instructive  facts  which  are 
covered  by  that  term  began  to  make  their  appearance  not 
much  longer  than  a  quarter  of  a  century  ago.  The 
knowledge  of  this  form  of  secretion,  young  as  it  is,  com- 
pares favorably  with  the  knowledge  of  glandular  secre- 
tion in  general,  which  can  look  back  on  a  history  of 
nearly  four  centuries.  The  following  two  factors  are 
responsible,  I  believe,  for  the  marvelous  progress  of  this 
new  chapter  of  experimental  medicine.  In  the  first 
place,  the  recent  investigations  of  the  ductless  glands 
were  carried  on  purely  by  biologic  methods  of  research. 
The  second  factor  is  to  be  found  in  the  important  fact 
that  these  investigations  had  the  great  advantage  of  a 
harmonious  cooperation  of  critical  animal  experimenta- 
tion, scientific  clinical  observations  and  intelligent  anal- 
ysis of  surgical  results.  I  lay  great  stress  on  the  bio- 
logic character  of  the  method  of  investigation  as  an 
important  factor  in  the  progress  of  medicine.  To  my 
mind  even  the  growth  of  our  knowledge  of  glandular 
secretion  in  general  can  be  traced  back  essentially  to  the 
purely  biologic  investigations  which  in  the  course  of  the 
slow  development  of  the  medical  sciences  in  the  past 
few  centuries  were  carried  on  spasmodically.  I  shall 
attempt  to  illustrate  this  statement  by  some  data,  but 
before  doing  it  I  shall  try  to  elucidate  what  I  mean  by 
the  term  of  pure  biologic  research. 

BIOLOGIC   METHOD   OF   RESEARCH 

The  marvelous  growth  of  the  natural  sciences  since 
the  sixteenth  century  can  be  traced  back  to  the  scrupu- 
lous observation  of  the  following  two  simple  require- 
ments of  methods  of  observation:  (1)  The  phenomena 
of  nature  have  to  be  studied  by  actual  observations,  and 
(2)  the  correlations  of  these  phenomena  have  to  be 
established  according  to  their  respective  merits  and  free 
from  any  extraneous  considerations.  The  first  require- 
ment needs  no  discussion;  it  is  evenly  applicable  to  the 


investigations  of  all  the  divisions  of  natural  science.  The 
second  requirement,  however,  presents  different  aspects 
in  the  different  domains.  As  far  as  the  inorganic  world 
is  concerned,  the  requirement  is  quite  simple;  it  is 
directed  chiefly  against  the  inveterate  interference  of 
metaphysical  theories  with  the  interpretation  of  natural 
phenomena,  *and  the  requirement  of  freedom  from  such 
interference  is  here  self-evident.  Science  has  to  deal  with 
the  provable;  and  since  metaphysics  avowedly  deals  with 
unprovable  problems,  it  is  evident  that  these  two  domains 
cannot  coincide.  It  is  different,  however,  when  dealing 
with  the  phenomena  of  the  living  world.  The  correla- 
tion of  these  phenomena  can  be  studied  in  the  first  place 
as  in  the  inorganic  world,  exclusively  with  relation  to 
themselves,  without  regard  for  extraneous  domains.  This 
method  of  study  of  the  phenomena  of  the  living  world 
I  designate  as  the  purely  biologic  method  of  research. 
The  living  phenomena,  however,  can^  be  also  studied 
with  a  view  of  reducing  them  to  phenomena  of  the  inor- 
ganic world.  This  line  of  study  I  would  designate  as  the 
physicochemical  study  of  biology.^ 

It  is  evident  "Hiat  in  the  latter  line  of  investigation 
of  living  phenomena  the  rational  requirement  of  free- 
dom from  extranous  considerations  suffers  a  serious  set- 
back.2 

The  history  of  medical  science  shows  that  there  was, 
consciously  or  unconsciously,  a  continual  struggle 
between  the  followers  of  the  two  methods  of  investiga- 
tion, sometimes  the  one,  sometimes  the  other  gaining 
the  supremacy.     This  is  not  the  place  to  enter  on  the 

1.  The  physicochemical  study  of  biology  should  not  be  con- 
founded with  the  employment  of  physiochemical  methods  in  biologic 
research.  All  researches  of  function  are  necessarily  carried  on  by 
physical  or  chemical  methods.  For  instance,  the  removal  of  an 
organ  is  a  physical,  and  the  injection  of  an  extract  of  this  organ 
is  a  chemical  method ;  at  the  same  time  the  object  of  such  investi- 
gations is  of  a  purely  biological  character ;  it  tries  to  establish  the 
importance  of  that  organ  for  the  life  of  the  animal.  But  the 
attempt  to  ascribe  the  function  of  an  organ  to  some  well  defined 
chemical  constituent  of  that  organ,  for  instance,  to  ascribe  the 
normal  action  of  the  thyroid  gland  to  its  iodine  content,  belongs  to 
the  chemical  studies  of  that  organ.  It  is  a  fact  that  even  dis- 
tinguished physiological  writers  are  not  infrequently  guilty  of 
coiSounding  the  employment  of  physiocochemical  methods  in  the 
study  of  biology  with  the  physicochemical  studies  of  biology. 

2.  In  these  attempts  to  reduce  the  living  phenomena  simply  to 
those  of  physics  and  chemistry  even  traces  of  metaphysical  dictates 
can  sometimes  be  detected,  if  we  keep  in  mind  that  the  interference 
of  materialistic  metaphysics  is  not  much  less  deleterious  to  whole- 
some studies  of  natural  sciences,  than  the  interference  of  spiritualis- 
tic metaphysics. 


history  of  this  struggle;  nor  shall  I  attempt  to  dwell 
here  on  the  merits  of  each  side.  There  can  be  no  doubt 
that  both  methods  are  absolutely  legitimate,  in  fact, 
indispensable,  and  ought  to  supplement  each  other.  I 
wish,  however,  to  record  here  my  opinion  that,  as  a 
matter  of  fact,  medical  science  in  all  its  aspects  has 
profited  so  far  vastly  more  from  the  purely  biologic 
researches  than  from  the  physicochemical  researches  in 
biology.  This  statement  certainly  holds  good  with  ref- 
erence to  our  knowledge  of  internal  secretions;  but,  as 
stated  above,  it  is  true  also,  at  least  to  a  large  degree, 
for  glandular  secretion  in  general. 

GLANDULAR   SECRETION 

Previous  to  the  new  era  in  anatomy  all  small  semi- 
solid brown  structures  in  the  body  were  designated  as 
glands.  The  filtration  of  the  blood  was  the  function 
assigned  to  these  little  lumps  of  tissue.  With  the  regen- 
eration of  anatomy  by  Vesalius  and  other  anatomists  of 
the  sixteenth  century  the  distinction  was  made  for  the 
first  time  between  secreting  and  blood  glands.  The  physi- 
ology of  secretion,  however,  did  not  benefit  very  much 
from  the  great  progress  made  in  anatomy.  In  the  six- 
teenth century  even  the  brain  was  considered  as  a  secret- 
ing organ :  it  picked  out  the  vital  spirits  from  the  blood 
and  secreted  mucus  through  the  lamina  cribosa  into  the 
pharynx.  Studies  on  the  dead  body  alone,  the  chief 
object  of  study  in  the  sixteenth  century,  could  not  reveal 
the  real  action  of  the  living  gland.  It  was  not  until  the 
middle  of  the  seventeenth  century  that  the  knowledge 
of  glandular  secretion  began  to  assume  a  rational  scien- 
tific aspect.  Many  writers  trace  this  knowledge  back  to 
Malpighi^s  work  on  the  liver,  which  was  published  in 
1665.  It  is,  however,  a  fact  that  important  communica- 
tions were  made  on  the  secreting  glands  previous  to  the 
appearance  of  Malpighi's  work.  It  was  the  marvelous 
discovery  of  the  circulation  by  Harvey,  proclaimed  to 
the  world  in  1628,  which  started  the  physiologic  studies 
on  the  glands.  Harvey  discovered  the  circulation  by 
studying  it  in  living  animals.  This  gave  a  great  stimu- 
lus to  the  employment  of  animal  experimentation  in  the 
study  of  the  phenomena  of  life,  and  for  many  decades 
there  was  a  rich  harvest  of  discoveries  of  important  facts 


in  physiology.^  By  experiments  on  animals  Johann 
Georg  Wirsung  (or  Moritz  Hoffmann)  discovered  in 
1642  the  duct  of  the  pancreas,  Thomas  Wharton  discov- 
ered (in  1652)  the  duct  of  the  submaxillary  gland, 
Nicolas  Stenson  discovered  (in  1662)  the  duct  of  the 
parotid  gland  and  also  the  lachrymal  duct,  and  Kivinius 
(in  1679)  discovered  the  ducts  of  the  sublingual  glands. 
De  Graaf  succeeded  in  1664  in  collecting  pancreatic 
juice  from  the  living  animal,  and  Brunner  discovered 
(in  1686)  the  glands  of  the  duodenum,  designated  by  his 
name.  Malpighi  (1628-1694),  besides  his  great  work  on 
the  liver,  the  gall-bladder,  the  bile  ducts  and  on  the  kid- 
neys, studied  also  the  sweat  and  sebaceous  glands  of  the 
skin.  All  these  discoveries  led  up  to  the  conception  of 
(an  external)  secretion  by  glands  provided  with  ducts. 
In  contrast  to  these  glands  another  group  was  designated 
as  ductless  glands,  including  in  this  group  at  first  even 
the  lymph  glands.  After  the  discovery  by  Aselli  (1623) 
of  the  chyle-bearing  vessels,  and  the  discoveries  bv 
Pequet  (1651),  by  Budbeck  (1652)  and  by  Thomas 
Bartholinus  (1653)  of  the  lymph  vessels,  receptaculum 
chyli  and  the  thoracic  duct,  the  lymph  glands  were  sep- 
arated for  good  from  the  other  glands.  The  ductless 
glands  comprised  then  the  spleen,  thymus,  thyroids  and 
adrenals. 

Near  the  close  of  the  seventeenth  centurv  the  bioloo^ic 
researches  nto  the  nature  of  glands  came  to  a  standstill. 
Physico-chemical  investigations  and  interpretation  of 
living  phenomena  came  to  the  front,  and  iatrophysicists 
and  chemiaters  held  the  stage  for  a  good  many  years. 
In  fact,  all  pure  biologic  researches  seemed  to  have 
become  silenced,  at  least  greatly  overshadowed,  by  the 
tendencies  of  physico-chemical  investigations  of  biology, 
which  gradually  forged  their  way  to  the  front  in  the 
course  of  the  seventeenth  century.  The  mathematical 
and  physical  sciences  possessed  a  lustre  given  to  them  at 
that  epoch  by  the  brilliant  astrophysical  researches  of 
Galileo  (1564-1642)  and  Kepler  (1571-1630).  The  good 
work  of  Borelli  (1608-1679)  on  animal  motion,  which 

3.  Animal  experimentation  was  then  a  much  less  dangerous 
occupation  for  the  investigator  than  the  study  of  anatomy  on  a 
human  cadaver.  The  leaders  of  human  destiny  at  that  age  nad  no 
hestitation  in  killing  men  and  even  mutilating  their  dead  bodies  for 
any  trivial  reason,  but  objected  to  the  use  of  the  dead  bodies  of  men 
when  medicine  and  science  could  profit  by  it — just  as  the  mis- 
guided of  both  sexes  of  our  own  day  are  ready  to  kill  and  maltreat 
all  sorts  of  animals  for  personal  profit,  sport  or  vanity,  but  manifest 
a  perverse  moral  indignation  when  such  animals  are  used  for  the 
benefit  of  medicine  and  mankind. 


was  based  on  purely  mechanical  principles,  the  mechan- 
ico-biologic  investigations  of  members  of  the  newly 
organized  Eoyal  Society,  for  instance,  the  demonstration 
by  Eobert  Boyle  (1627-1691)  of  the  danger  of  the 
vacuum  to  life,  the  demonstration  of  Robert  Hooke 
(1635-1703)  of  the  importance  of  artificial  respiration, 
or  the  introduction  of  transfusion  by  Richard  Lower 
(1631-1690) — all  these  factors  were  instrumental  in 
demonstrating  the  fruitfulness  of  mechanical  and  phys- 
ical analysis  of  living  activities.  The  significance  of 
chemical  processes  had  begun  to  impress  the  minds  of 
medical  men  already  in  the  previous  century  by  the 
aggressive  teachings  of  Paracelsus  (1490-1541).  Under 
the  infiuence  of  the  teachings  of  Van  Helmont  (1577- 
1644),  the  discoverer  of  carbonic-acid  gas;  of  Franciscus 
Sylvius  (1604-1672),  the  founder  of  the  first  chemical 
laboratory,  and  of  their  pupils,  chemical  interpretation 
of  biologic  phenomena  developed  into  a  leading  system. 

For  a  very  long  period  iatrophysicists  and  chemiaters 
struggled  for  supremacy  in  the  fields  of  biology  and 
medicine,  pushing  pure  biologic  research  nearly  entirely 
out  of  sight.  During  the  eighteenth  century  practically 
no  progress  was  made  in  the  knowledge  of  glandular 
secretion.  It  is  true  that  at  about  the  middle  of  that  cen- 
tury some  experiments  on  gastric  secretion  were  carried 
out  on  aimals  by  Reaumur  (1683-1757),  by  John  Hun- 
ter (1728-1793),  and  especially  by  the  celebrated  Abb6 
Spallanzani  (1729-1799).  But  these  experiments  dealt 
chiefly  with  the  process  of  gastric  digestion  and  the 
nature  of  gastric  juice ;  they  did  not  concern  themselves 
with  the  character  of  the  glands  and  the  act  of  secretion. 
The  first  important  biologic  investigation  of  secreting 
glands  came  to  light  in  1830 ;  it  was  the  celebrated  com- 
parative anatomic  study  of  the  secreting  glands  in  the 
entire  animal  kingdom  by  Johannes  Miiller.  About  a 
decade  later  the  animal  cell  was  discovered;  this  gave 
a  great  stimulus  to  pure  biologic  researches,  but  they 
were  essentially  of  a  morphologic  nature.  The  studies 
of  the  functional  side  of  life  became  dominated,  how- 
ever, even  more  than  ever  by  the  physicochemical  con- 
ceptions of  that  epoch.  The  brilliant  physicophysiologic 
investigations  of  Du  Bois  Reymond,  Helmholtz  and 
Ludwig  and  their  pupils,  at  about  the  middle  third  of 
the  last  century,  were  especially  instrumental  in  estab- 
lishing the  absolute  reign  of  mechanical  conceptions  in 
the  domain  of  physiology.    It  was  in  harmony  with  these 


physical  tendencies  that  secretion  was  looked  on,  as  in 
olden  times,  as  a  mere  mechanical  process  of  filtration. 
A  ffreat  deal  of  eneiffv  has  been  spent  and  brilliant 
experimental  work  done  in  support  of  this  contention. 
Did  these  marvelous  efforts  greatly  enrich  our  knowledge 
of  the  processes  of  secretion  with  actual  facts  ?  I  believe 
that  the  attitude  of  Heidenhain*  in  assujning  a  "vital 
activity^^  of  the  epithelial  cells  was  by  far  more  fruitful 
in  this  direction.  With  the  assumption  of  a  vital  activ- 
ity Heidenhain  claimed  nothing  else  but  the  right  to 
study  living  phenomena  with  reference  to  themselves. 
He  did  not  deny  that  this  vital  activity  might  be 
explained  one  day  by  some  new  physical  and  chemical 
laws.  He  merely  found  it  more  profitable  to  study  at 
present  the  living  phenomena  as  they  are,  preferring  no 
physicochemical  interpretation  to  a  premature  interpre- 
tation by  imperfectly  known  inorganic  laws.  Thanks  to 
these  efforts  of  Heidenhain  and  his  followers,  consider- 
able progress  has  been  made  in  the  recognition  of  the 
processes  of  secretion  and  the  intracellular  changes 
accompanying  them.  We  have  thus  now  recognized  the 
fundamental  fact  that  secretion  is  a  specific  function  of 
the  glandular  cells,  just  as  contraction  is  a  specific  func- 
tion of  a  muscle  cell.  The  difference  between  the  various 
secretory  products  has  its  origin  in  the  specific  secretory 
activities  of  the  cells  belonging  to  the  different  secretory 
organs. 

L  shall,  of  course,  not  enter  here  on  a  recital  of  the 
great  amount  of  work  done  in  the  last  sixty  years  on 
glandular  secretion.  I  believe,  however,  that  it  is  per- 
fectly safe  to  state,  as  I  did  above,  that  the  important 
facts  which  we  know  at  present  with  regard  to  glandular 
secretion  in  general  were  discovered  chiefly  by  means  of 
purely  biologic  investigations. 

THE  FUNCTION  OF  DUCTLESS  GLANDS 

Since  the  discovery  of  the  ducts  of  the  various  secret- 
ing glands,  the  spleen,  thymus,  thyroid  and  suprarenal 
glands  were  grouped  together,  as  stated  before,  under  the 
term  of  ductless  glands.  That  term  is  still  in  use  in 
the  literature,  except  that  in  this  group  the  spleen  is 
now  replaced  by  the  pituitary  body.  The  glands  of  this 
group  have  been  known  for  more  than  four  centuries. 
What  are  their  functions  and  do  they  have  any  ?  Schaf er*^ 

4.  Heidenhain  :  Hermann's  Hanhb.  d.  Physiol.,  v,  Part  1. 

5.  SchMfer :  The  Oliver-Sharpey  Lecture,  Brit.  Med.  Jour.,  May 
30,  1908. 
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tells  us  of  the  satirical  comments  made  by  Montesqieu 
nearly  two  hundred  years  ago  on  various  essays  offered 
in  solution  of  the  prize  question :  What  is  the  use  of  the 
suprarenal  glands?  ^Terhaps  chance  may  some  day 
effect  what  all  these'  careful  labors  have  been  unable  to 
perform/^  says  Montesquieu.  More  than  a  century  later 
we  find  the  brilliant  physiologist,  Magendie/  telling  his 
hearers : 

I  have  nothing  to  say  on  the  suprarenal  capsules.  Since 
nobody  any  longer  believes  in  atra  hilis  the  capsules  have 
ceased  to  be  its  secreting  organ.  .  .  .  What  function  does 
the  thyroid  gland  have?  Nobody  knows  it.  .  .  .  That  organ 
surely  deserves  the  investigation  of  physiologists.  .  .  .  Does  it 
not  attain  in  cretins  an  enormous  size"*  while  the  other  organs 
become  reduced? 

However,  we  need  only  go  back  less  than  three  decades 
to  find  the  same  profession  of  ignorance  by  competent 
authors.  In  the  well-known  work  by  Herrmann  pub- 
lished in  1883,®  it  is  stated  in  one  line  that  we  know 
nothing  of  the  functions  of  the  thyroids  and  adrenals. 
However,  it  was  in  the  very  same  year  that  the  "chance'^ 
came  of  which  Montesquieu  wrote.  The  precious  chance 
came  in  the  first  place  as  a  culmination  of  various  activ- 
ities with  reference  to  the  significance  of  the  thyroid 
glands.  But  the  light  which  was  shed  on  the  vital 
importance  of  these  glands  lit  up  the  entire  field  of 
internal  secretion  which  had  remained  impenetrably 
obscure  for  many  past  centuries. 

THE  IMPORTANCE  05"  THE  THYROH)  GLANDS 

In  the  course  of  the  preceding  centuries  numerous 
theories  were  put  forward  regarding  the  significance  of 
the  thyroid  glands.  However,  already  at  an  early  part 
of  the  last  century  various  writers,  among  them  espe- 
cially Hofrichter,®  analyzed  these  theories  and  discarded 
them.  The  theory  which  in  the  second  third  of  the  last 
(19th)  century  gradually  gained  most  favor  was  the 
one  put  forward  in  the  eighteenth  century  by  Prochaska, 
namely,  that  the  thyroid  as  well  as  the  adrenal  glands 
had,  like  the  thymus,  no  significance  for  extrauterine 
life.  It  is  true  that  already  in  the  fifties  of  the  last 
century  experiments  were  published  indicating  the  great 

6.  Magendle :  Lecons  sur  le  aystSme  nerveux,  1841. 

7.  Italics  mine.    We  know  now  that  the  opposite  is  true. 
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importance  of  these  glands  in  adult  life.  We  shall  speak 
of  these  experiments  later  more  fully.  These  publica- 
tions made,  however,  no  impression  on  contemporary 
physiology.  That  science  was  dominated  then,  as  stated 
before,  by  physicomechanical  conceptions  and  mani- 
fested neither  great  interest  in  pure  biologic  researches 
nor  special  confidence  in  their  results.  There  was  (and 
still  is)  an  ever-present  tendency  among  the  approved 
physiologic  investigators  to  ascribe  such  results  to  some 
inadequate  technic  or  to  some  carelessly  overlooked 
secondary  factor. 

The  first  step  in  the  new  direction  was  made  within 
the  clinical  domain,  at  first  without  apparent  bearing  on 
our  question.  In  1873  Sir  William  6ulP°  reported  5 
cases  of  middle-aged  women  who  had  a  cretinoid  appear- 
ance, a  more  or  less  bulky  form  and  other  symptoms 
which  characterized  these  cases  as  presenting  a  separate 
and  new  type  of  disease.  In  1878  W.  Ord,^^  who  had 
had  similar  cases  under  observation  since  the  sixties, 
reported  one  case  which  came  to  autopsy.  The  most 
striking  finding  was  the  mucin-like  masses  in  the  sub- 
cutaneous tissue  which  caused  Ord  to  designate  the  new 
type  of  disease  as  myxedema.  Among  the  post-mortem 
findings  of  this  case  atrophy  of  the  thyroid  glands  was 
noted.  The  next  contribution  came  from  the  surgical 
domain.  With  the  general  introduction  of  antisepsis  at 
the  beginning  of  the  seventies,  surgeons  ventured  to 
extend  their  activities  to  regions  which  formerly  seemed 
to  be  inaccessible  to  their  interference.  Large  goiters 
which  are  prevalent  in  some  regions,  especially  in  Switz- 
erland, were  now  treated  by  radical  operation.  In  April, 
1883,  Kocher,^^  of  Berne,  gave  an  extensive  report  of  the 
after-effects  of  such  complete  removals  of  goiterous 
glands.  The  patients  showed  a  peculiar  complex  of 
symptoms  which  Kocher  designated  as  cachexia  strumi- 
priva.  He  looked  then  on  the  symptoms  as  being  due  to 
some  degree  of  asphyxia  caused  by  this  operation.  A  few 
months  before  Kocher^s  report  appeared  Jaques  Eever- 
din^^  of  Geneva,  made  a  similar  but  less  extensive  report, 
which,  however,  seems  to  have  at  first  passed  unnoticed. 
In  November  of  that  year  Felix  Semon^*  called  the 
attention  of  the  Clinical  Society  of  London  to  the  simi- 

10.  Gun :  Tr.  CHd.  Soc,  1873,  vli. 

11.  Ord,  W. :  Tr.  Clin.  Soc,  1878,  xill. 

12.  Kocher:  Arch.  f.  klin.  Chlr.,  1883,  p.  254. 

13.  Reverdin :  Rev.  m^d.  de  la  Suisse  romande,  1883. 

14.  Semon:  Tr.  Clin.  Soc,  November,  1883. 
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larity  of  the  symptoms  of  the  postoperative  cachexia 
with  those  of  myxedema  and  suggested  that  in  both  cases 
the  complex  of  symptoms  might  be  due  to  an  absence 
of  the  thyroids,  which  glands,  therefore,  may  be  of  fun- 
damental importance  to  the  life  of  the  human  adult. 
This  statement  made  such  a  deep  impression  on  the 
society  that  a  committee  was  appointed  to  investigate 
the  entire  subject.  It  should  be  mentioned  that  a  few 
months  before  Reverdin,^^  in  a  second  communication, 
recognized  the  similarity  of  the  two  types  of  phenomena 
and  designated  the  complex  of  symptoms  which  follows 
the  complete  removal  of  the  goitrous  thyroids  as  opera- 
tive myxedema.  This  communication  also  escaped  gen- 
eral notice.  But  it  was  the  means  of  calling  forth  the 
statement  of  Schiff,^°  who  was  then  professor  of  physi- 
ology at  Geneva,  that  in  experiments  made  by  him  as 
early  as  1856  he  found  that  many  of  the  animals  suc- 
cumbed after  the  complete  removal  of  the  thyroid 
glands.  These  results  he  communicated  at  first  to  the 
academy  at  Copenhagen  and  later  made  them  known  in 
a  separate  communication  which  appeared  in  1858.^ 
These  communications  apparently  made  not  the  slightest 
impression  on  contemporary  physiology.  Schiff^^  now 
repeated  and  extended  his  former  experiments  and  found 
that  especially  in  dogs  the  complete  removal  of  the  thy- 
roids is  mostly  a  fatal  operation,  the  animals  dying  with 
symptoms  quite  similar  to  many  of  those  observed  after 
complete  (surgical)  removal  of  goitrous  thyroids  in 
human  beings.  A  statement  of  great  interest  was  soon 
made  by  P.  Bruns.^^  He  discovered  in  the  literature 
from  the  sixties  a  report  by  P.  Sick^®  of  a  case  of  com- 
plete removal  of  goitrous  thyroids  in  a  young  boy. 

He  hunted  up  the  operated  subject  and  discovered 
that  the  patient,  who  was  now  at  the  end  of  the  thirties, 
had  the  size  and  appearance  of  a  mentally  and  physi- 
cally backward  boy — a  surgical  cretin.  Autopsies  of 
natural  cretins  then  revealed  the  further  fact  that  the 
thyroid  glands  were  deficient  in  these  cases. 

These  various  communications  brought  to  light  the 
following  series  of  new  facts:  (1)  natural  absence  of  the 
thyroids    in    adults    causes    myxedema;    (2)     natural 

15.  Schlff :  Rev.  m^d.  de  la  Suisse  romande,  1883. 

16.  Schiff:  Untersuchung  (iber  die  Zuckerblldung  in  der  Leber, 
etc.,  Wtirzburg. 

17.  Schiff :  Arch.  f.  exper.  Path.,  xvlli. 

18.  Bruns,  P.:  Samml.  kiln.  Vortr.   (Volkmann's),  1884,  No.  244. 

19.  Sick :  WUrttcmb.  med.  Cor.-Bl.,  1867,  No.  25. 
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absence  of  ine  thyroids  in  children  causes  arrest  of 
growth  and  cretinism;  (3)  complete  removal  of  the  nor- 
mal thyroids  in  animals  is  a  fatal  operation;  (4)  com- 
plete surgical  removal  of  the  goitrous  glands  in  children 
causes  surgical  cretinism;  (5)  complete  removal  of  these 
glands  in  adults  causes  surgical  myxedema.  These  facts 
indicated  clearly  enough  that  the  thyroid  glands  are  of 
fundamental  importance  to  the  health  and  life  of  man 
and  animal.  Schiff,^^  however,  brought  forward  still 
stronger  evidence  in  favor  of  this  thesis.  He  implanted 
in  the  peritoneal  cavity  of  an  animal  one  of  its  own 
thyroids  and  found  that  this  animal  survived  for  a  long 
time  the  removal  of  the  second  thyroid — a  sure  proof 
that  the  fatal  result  of  the  complete  removal  is  caused 
by  the  absence  of  the  function  of  the  thyroid  gland  and 
is  not  due  to  secondary  lesions  caused  by  the  operation. 

In  the  following  years  numerous  experimental  investi- 
gations in  animals  confirmed  the  main  facts.  The  most 
extensive  and  important  of  these  investigations  were 
those  of  Victor  Horsley,^^  then  a  member  of  the  above- 
mentioned  committee  appointed  by  the  Clinical  Society, 
and  of  Ferdinand  Fuhr.^^  As  an  instructive  fact  we 
shall  mention  that  these  experimental  investigations 
were  carried  on  mostly  by  non-official  physiologists.  Of 
the  official  physiologists  it  was  H.  Munk^^  alone  who 
took  an  active  share  in  this  work,  and  this  with  the  per- 
sistent claim  that  the  observed  results  were  due  to  an 
irritation  of  the  adjoining  nerves  during  the  "careless" 
removal  of  the  thyroid  glands.  There  were  also  a  few 
reports  of  experiments  in  which  no  profound  effects 
were  observed  to  follow  the  complete  removal  of  the 
thyroids.  Some  of  these  reports,  however,  were  based,  as 
Fuhr  conclusively  has  shown,  on  erroneous  observations. 
The  submaxillary  glands  were  removed  instead  of  the 
thyroids.  Other  failures  could  be  explained  by  the  facts 
that  either  the  removal  was  in  fact  not  complete,  some 
parts  of  the  thyroid  remaining  behind,  or  that  in  these 
cases  there  were  some  accessory  thyroids  which  had  not 
been  removed. 

All  these  investigations  had  in  the  first  place  the  one 
important  practical  result,  that  surgeons  stopped  the 
practice  of  complete  removal  of  goitrous  glands.     This 

20.  Schlff:  Rev.  m4d.  de  la  Suisse  romande,  1884.  ' 

21.  Horsley:  Suppl.  Tr.  Clin  Soc,  1888,  xxl. 

22.  Fuhr:  Arch.  f.  exper.  Path.  u.  Therap.,  1886,  xxl,  387. 

23.  Munk :  Sitzungsb.  d.  Berl.  Akad.  d.  Wissensch.,  1887,  p.  823 ; 
1888,  p.  1059. 
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they  could  do  the  more  readily,  since  the  investigations 
brought  the  important  fact  to  light  that  the  presence  of 
only  a  small  part  of  the  thyroid  was  suflBcient  to  keep  up 
its  function  and  to  obviate  the  ill-effects  of  the  removal. 

The  complete  removal  of  goitrous  glands  was  fol- 
lowed not  only  by  serious  chronic  sjonptoms,  but  also  by 
severe  acute  attacks  of  tetany,  terminating  sometimes 
fatally.  Seven  such  deaths  were  reported  from  the  cele- 
brated clinic  of  Billroth  in  Vienna  alone.^* 

The  above-mentioned  experiments  of  Schiff  on  the 
implantation  of  the*  thvroid  in  the  abdominal  cavitv  of 
dogs  gave  rise  to  the  attempts  of  various  surgeons  to 
cure  operative  and  normal  myxedema  by  grafting  pieces 
of  human  thyroid,  removed  at  operations,  into  the  peri- 
toneal cavity  or  in  the  subcutaneous  tissue  of  such 
patients.  The  most  striking  result  of  such  a  procedure 
was  reported  by  H.  Bircher^^  in  one  case.  After  each 
new  implantation  practically  all  pathologic  symptoms 
disappeared  for  a  long  period.  The  success,  however,  was 
not  permanent.  Apparently  the  grafted  fragments  did 
not  resume  at  the  new  place  the  function  of  the  thyroid ; 
they  gradually  became  absorbed.  The  fact,  however, 
that  during  the  absorption  of  the  grafted  pieces  the 
symptoms  of  the  cachexia  were  kept  in  abeyance  gave 
rise  to  the  idea  that  the  administration  of  an  extract  of 
the  thyroid  might  perform  a  similar  oflBce.  The  first 
attempts  to  test  this  idea  were  made  by  Colzi^^  and  by 
Vassale,^^  who  injected  such  extracts  intravenously  into 
animals.  In  1891  George  Murray^^  established  the 
important  fact  that  subcutaneous  injection  of  thyroid 
extract  in  man  is  capable  of  abolishing  all  the  symptoms 
of  myxedema.  This  was  followed  by  the  announcement 
of  Howitz,2»  in  July,  1892,  and  by  Mackenzie^®  and 

24.  See  Anzelgev  d,  k.  k.  Gesellsch.  d.  Aerzte  In  Wien.,  1883. 
No.  31.  If  the  animal  experiments  which  shed  so  much  light  on  our 
subject  had  been  carried  out  before  the  attempts  were  made  by 
surgeons  to  perform  the  complete  removal  of  goitrous  glands  in 
human  beings,  a  great  deal  of  misery  and  many  deaths  might  have 
been  spared.  Experiments  on  various  species  of  animals  should  be 
extensively  performed  before  any  new  serious  operation  on  human 
beings  may  be  attempted.  But  while  nobody  thinks  of  dictating  by 
law  to  the  surgeon  what  operations  he  may  or  may  not  perform, 
there  are  individuals  all  over  the  world  who  wish  to  have  laws 
enacted  suppressing  or  crippling  experimentation  on  animals.  What 
a  perversion  of  reason  and  morals ! 

25.  Bircher,  H. :  Samml.  klin.  Bortr.  (Volkmann's),  1889,  No.  357. 

26.  Colzi :  Sperimentale,  1884. 

27.  Vassale :  Centralbl.  f.  d.  m^d.  Wissensch.,  1891,  p.  14. 

28.  Murray  :  Brit.  Med.  Jour.,  Oct.  10,   1891. 

29.  Howitz:  Lancet,  1892,  ii,  1213. 

30.  Mackenzie:  Brit.  Med.  Jour.,  Oct.  29,  1892. 
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Fox,^^  in  October  of  that  year,  that  the  same  result  can 

31.  Fox :  Brit.  Med.  Jour.,  Oct.  29,  1892. 

be  obtained  by  the  administration  of  the  thyroid  gland, 
even  cooked,  by  the  mouth.  The  last  named  communica- 
tions demonstrated  that  the  effective  principle  of  the 
gland  is  destroyed  neither  by  heat  nor  by  digestion.  It 
was  further  evident  that  the  action  of  the  gland  was  not 
specific,  inasmuch  as  the  extract  of  glands  of  various 
species  of  animals  acted  favorably  on  human  patients. 
These  statements  were  soon  generally  confirmed  all  over 
the  world  and  thyroid  therapy  became  a  well-settled  fact. 
We  thus  learn  an  impressive  lesson.  While  the  mere 
reasoning  of  many  brilliant  minds  carried  on  for  four 
centuries  shed  no  light  on  the  significance  of  the  thyroid 
gland,  the  intense  activity  of  modern  experimental  medi- 
cine managed  to  bring  to  light  in  less  than  ten  years  the 
following  important  facts  with  regard  to  these  glands : 
(1)  the  thyroids  are  of  fundamental  importance  to  life 
and  health;  (2)  a  new  disease  was  established:  thp 
"naturar^  atrophy  of  the  thyroid  in  adult  life  leads  to 
myxedema;  (3)  the  real  nature  of  a  well-known  disease 
was  recognized:  cretinism  is  infantile  myxedema;  (4) 
complete  removal  of  goitrous  thyroids  during  infancy 
leads  to  cretinism  and  their  removal  during  adult  life 
may  bring  on  either  myxedematous  cachexia  or  tetany; 

(5)  surgeons  learned  two  important  lessons:  on  the  one 
hand  not  to  perform  a  radical  removal  of  the  goitrous 
glands,  and,  on  the  other  hand,  that  the  ill-effects  can 
be  obviated  by  leaving  behind  a  small  part  of  the  gland ; 

(6)  extract  of  the  thyroid  gland  is  capable  of  removing 
the  symptoms  due  to  the  natural  or  artificial  absence  of 
this  gland.  In  short,  by  the  methods  of  biologic  research 
we  learned  in  less  than  ten  years  a  great  deal  of  the 
physiology,  pathology  and  therapy  of  the  thyroid  glands. 

The  studies  were  fruitful  in  many  other  directions, 
which,  however,  can  be  only  indicated  here  by  a  few 
words.  By  experiments  on  animals  and  by  observations 
on  human  beings  it  was  found  that  the  unrestricted 
administration  of  thyroid  extract  brings  on  a  condition 
which  is  very  similar  to  that  pathologic  complex  known 
as  exophthalmic  goiter  or  Graves^  disease.  This  fact  led 
up  to  the  conception  that  Graves'  disease  consists  in  the 
normal  overproduction  of  the  thyroid  function — hyper- 
thyroidism. This  conception  was  fruitful  in  developing 
medical  and  surgical  therapeutic  measures  on  which  we 
cannot  dwell  here.- 
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Furthermore,  it  was  found  that  thyroid  extract  has  a 
therapeutic  value  in  diseases  other  than  myxedema  and 
cretinism,  for  instance  in  obesity,  scleroderma  and  some 
other  skin  diseases. 

In  the  course  of  all  these  investigations  the  important 
discovery  was  made  by  Baumann,*^  in  1895,  that  the  thy- 
roid contains  iodin  in  an  organic  compound  which  some 
believe  to  be  closely  connected  with  the  main  function  of 
the  gland.  It  was  further  found  that  the  thyroid 
extract  exerts  a  certain  influence  on  the  resistance  of 
some  animals  to  some  poisons  and  that  this  influence  is 
in  proportion  to  the  iodin  content  of  the  gland.^^ 

There  is,  however,  one  brilliant  chapter  in  the  investi- 
gations of  the  thyroid  which  should  be  told  in  somewhat 
greater  detail.  The  above  mentioned  investigations  on 
the  thyroid  left  some  unexplained  points.  The  effects  of 
the  radical  removal  of  the  thyroids  in  human  beings 
were  far  from  being  uniform ;  sometimes  myxedematous 
and  sometimes  tetanic  symptoms  prevailed.  In  animals 
the  effects  of  the  removal  of  the  thyroids  were  nearly 
exclusively  of  a  tetanic  character.  Finally  the  most 
puzzling  fact  was  the  apparent  harmlessness  of  the 
removal  of  the  thyroids  in  some  species  of  animals,  as, 
for  instance,  in  rabbits.  At  first  the  idea  suggested 
itself  that  with  regard  to  the  importance  of  the  thyroid 
there  was  a  difference  between  carnivorous  and  herbivor- 
ous animals.  Further  animal  experimentation,  however, 
threw  a  flood  of  new  light  on  these  puzzling  problems. 

THE   PARATHYROID   GLANDS   OR   THE   EPIl^HELIAL   BODIES 

Sandstroem^*  discovered  in  1880  small  definite  bodies 
consisting  of  cell  masses  in  proximity  to  the  thyroids. 
He  gave  them  the  name  of  parathyroid  glandules. 
Sandstroem  assumed  that  these  cell  masses  represent 
undifferentiated  embryonal  tbvroid  tissue.  Yerv  little 
attention  was  paid  to  these  bodies  until  1892,  when 
Gley^®  conceived  the  hypothesis  that  these  bodies  play  an 
important  role  in  the  phenomena  following  the  removal 
of  the  thyroids.  On  the  basis  of  this  hypothesis  lie  dis- 
covered the  important  fact  that  after  the  removal  in 
rabbits  of  the  two  free  parathyroids,  in  addition  to  the 
removal  of  the  thyroid  glands,  well-defined  tetanic  mani- 
festations occur  also  in  these  animals.    Kemoval  of  the 

32.  Baumano  :  Ztschr.  f.  physiol.  Chem.,  xxl.  319. 

33.  Hunt,  Reid :  Studies  on  Thyroid,  Bull.  No.  47  Hyg.  Lab. 

34.  Sandstroem :  Jahresb.  f.  Anat.  u.  Physiol.  (Hoffmann  and 
Schwalbe'a),  1881. 

35.  Gley :  Arch,  de  physiol.  norm,  ct  path.,  1892. 
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thyroid  glands  alone  or  of  the  two  parathyroids  alone  is 
not  followed  by  any  untoward  symptoms.  The  com- 
munications of  Gley  were  instrumental  in  bringing  out  a 
large  number  of  researches  dealing  with  the  significance 
of  the  parathyroids,  of  which  we  shall  mention  here  only 
two.  A.  Kohn^®  brought  out  by  careful  histologic  inves- 
tigations that  there  are  most  frequently  four  parathy- 
roids, two  of  which  are  frequently  imbedded  in  the  tis- 
sue of  the  thyroid  glands.  The  removal  of  the  thyroids, 
therefore,  also  removes  two  of  the  parathyroids,  and  the 
removal  of  the  thyroids  and  parathyroids  in  Gley^s 
experiments  meant  complete  removal  of  all  the  parathy- 
roids. Kohn  established  further  that  the  parathyroids 
do  not  represent  an  embryonic  stage  of  the  thyroid  tis- 
sue, but  are  independent  bodies  composed  of  epithelial 
cells,  and  he  suggested  the  name  of  epithelial  bodies  for 
the  parathyroids.  The  second  series  of  important 
researches  were  those  of  Vassale  and  Generali,^^  who 
reported  a  long  series  of  experiments  in  which  they  suc- 
ceeded in  removing  in  animals  either  the  thyroid  tissue 
alone  or  the  parathyroids  alone,  and  arrived  at  the  con-  ^ 
elusion  that  the  removal  of  the  thyroids  alone  leads  to 
myxedematous  symptoms,  and  the  removal  of  the  epithe- 
lial bodies  alone  leads  to  tetanic  symptoms.  It  cannot 
be  claimed  that  this  problem  is  even  now  completely 
solved.  But  the  mass  of  evidence  at  hand  is  overwhelm- 
ingly in  favor  of  the  view,  that  the  epithelial  bodies  are 
independent  organs,  the  removal  of  which  favors  the 
onset  of  tetanic  manifestations,  and  there  can  hardlv  be 
any  doubt  that  the  tetanic  symptoms  following  in  some 
cases  the  radical  removal  of  the  thyroids  are  due  to  the 
simultaneous  removal  of  all  the  parathyroids  or  the  pro- 
found interference  with  their  vascular  supply.  The  vari- 
ability of  the  anatomic  relations  of  these  bodies  with  the 
thyroid  glands  explains  the  variations  in  the  surgical  and 
experimental  results.  As  to  the  functional  relations  of 
these  two  organs  to  one  another,  some  believe  that  they 
are  entirely  independent  of  one  another;  others  again 
assume  that  there  is  a  definite  interdependence  between 
thyroids  and  parathyroids ;  but  as  to  the  nature  of  inter- 
dependence some  believe  with  Gley  that  it  is  supplemen- 
tary; others  that  it  is  antagonistic  in  character.  The 
subject  is  not  yet  settled  and  we  need  not  dwell  on  it. 

36.  Kohn,  A. :  Arch.  f.  mikroskop.  Anat.,  Bd.  44,  1894. 

37.  Vassale  and  Generall :  Arch.  ital.  de  blol.,  xxv,  xxvl. 
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This  new  theoretical  knowledge  brought  about  by  ani- 
mal experimentation  is  commencing  to  bear  important 
practical  fruit.  In  the  first  place  surgeons  are  at  work 
to  devise  methods  of  operation  which  permit  the  removal 
of  the  thyroid  without  injuring  or  interfering  with  the 
blood-supply  of  all  the  parathyroids.  Furthermore,  sur- 
gical and  medical  methods  are  studied,  by  means  of 
which  the  evil  consequences  can  be  adequately  dealt 
with.  Surgeons  abroad  and  in  this  country^^  are  trying 
to  develop  methods  of  grafting  the  parathyroids;  they 
have  been  implanted  in  the  abdominal  cavity,  in  the 
spleen  and  in  the  cavities  of  the  long  bones.  The  suc- 
cess, however,  will  become  complete  when  surgeons  learn 
to  graft  the  organs  (and  the  thyroids)  by  means  of  an 
end-to-end  vascular  suture  by  the  now  well-known 
method  which  was  introduced  into  surgery,  especially  by 
the  experimental  work  of  Alexis  Carrel.  There  are  also 
some  promising  medical  methods  of  treatment  for  the 
deficiency  of  the  parathyroids.  According  to  Beebe,^® 
the  nucleoproteids  of  the  parathyroids  are  capable  of 
^  controlling  the  tetanic  convulsions  following  the  removal 
of  the  parathyroids.  Furthermore,  MacCallum  and 
Voegtlin*°  discovered  that  the  postoperative  spasms  can 
be  controlled  by  the  administration  of  calcium.  Through 
the  investigations  of  Erdheim*^  it  was  found  that,  in 
rats  at  least,  the  ablation  of  the  epithelial  bodies  leads  to 
some  disturbance  of  the  calcium  metabolism.  MacCal- 
lum and  Voegtlin  believe  that  the  removal  of  the  para- 
thyroids leads  to  a  deficiency  of  calcium  in  the  body. 
While  this  theory  may  be  incorrect,  the  fact  is  that  the 
administration  of  calcium  relieves  the  tetaaic  symptoms. 
MacCallum  and  Voegtlin  established  this  fact  in  their 
experiments  on  animals.  Calcium  already  has  been 
used  with  success  in  postoperative  tetany  in  human 
beings.  In  fact,  calcium  proved  to  be  useful  in  the 
treatment  of  tetany  in  children  due  to  other  causes  than 
the  removal  of  the  parathyroid. 

Experimental  medicine  may  well  point  with  pride  to 
this  achievement.  Little  bits  of  tissue,  the  existence  of 
which  was  not  even  known  three  decades  ago,  were  recog- 
nized as  organs  of  great  importance  to  life  and  health, 
and  medicine  and  surgery  are  already  far  on  the  road  in 
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learning  how  to  avoid  their  injury  and  how  to  mend  the 
evil  consequences  of  such  injuries.  It  is  impossible  to 
conceive  how  such  knowledge  could  have  been  acquired 
without  animal  experimentation. 

THE  SUPRARENAL  GLANDS 

These  ductless  glands  were  described  by  Eustachius  in 
1543.  Although  thus  known  to  medicine  more  than 
four  centuries,  our  knowledge  regarding  their  functional 
significance  is,  as  stated  above,  of  recent  date.  It  began 
with  a  clinical  observation.  In  1855  Addison  described 
a  disease  which  is  now  known  by  his  name,  in  which  the 
adrenals  were  found  to  be  affected.  In  the  following 
year  Brown-Sequard*-  published  experiments  showing 
that  the  removal  of  both  capsules  in  animals  leads  invari- 
ably to  an  early  death  of  the  animal.  The  results  of 
Brown-Sequard  were,  however,  soon  controverted  by 
Phillipeaux*^  and  by  Harley,**  who  found  that  white 
rats  survive  the  removal  of  the  adrenals.  These  and 
other  authors  believed  that  the  suprarenal  capsules  had 
no  function  to  perform  in  post-uterine  life  and  that  death 
which  sometimes  followed  removal  of  these  glands  was 
due  to  a  stimulation  of  the  adjoining  nerves  or  to  a 
peritoneal  inflammation — that  familiar  interpretation 
which  has  obstructed  the  progress  of  many  a  discovery  in 
physiology  and  medicine,  and  which  was  instrumental 
in  postponing  our  knowledge  of  the  significance  of  the 
suprarenal  glands  to  life  for  nearly  thirty  years.  After 
the  revelations  which  came  to  light  in  the  eighties 
regarding  the  importance  of  the  thyroid  glands,  experi- 
ments on  the  suprarenal  glands  were  taken  up  again  by 
many  observers.  In  the  main  the  problem  is  now  well 
settled;  the  suprarenal  capsules  are  vital  organs;  after 
the  removal  of  both  organs  from  animals  under  most 
careful  surgical  precautions  the  animals  die  invariably 
at  periods  varying  from  a  few  hours  to  a  few  days.  The 
most  extensive  and  convincing  series  of  experiments  were 
carried  out  by  Strehl  and  Weiss.**^  We  know  now  also 
the  reason  why  Phillipeaux  and  Harley  could  not  con- 
firm the  observations  of  Brown-Sequard;  the  white  rat 
possesses  along  its  back  inside  the  abdomen  various 
accessory  masses  of  cells  similar  to  that  of  the  su})ra- 

42.  Brown-S€quard :  Compt.  rend.  Acad.  d.  Sc,  1886,  xUil. 
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44.  Harley :  Med.  Times  and  Gaz.,  1857,  p.  564. 

45.  Strehl  and  Weiss :  Arch.  f.  d.  ges.  Physiol.  (Pflueger's 
Ixxxiv,   107. 


18 

renal  capsule.  These  accessory  masses  are  apparently 
sufficient  to  keep  up  the  function  after  the  loss  of  the 
main  bodies. 

Many  studies  were  also  carried  on  with  injections  of 
extracts  of  the  suprarenals;  these  injections  failed  to 
keep  up  the  life  of  the  animals  deprived  of  these  glands. 
Neither  has  grafting  of  the  suprarenals  proved  so  far  a 
real  success.  The  experiments  with  injections  of  supra- 
renal extracts,  however,  brought  to  light  a  great  discov- 
ery. It  is  the  now  familiar  fact  of  the  various  and  pro- 
found physiologic  effects  which  suprarenal  extract  is 
capable  of  exerting  on  the  animal  body.  It  ought  to  be 
stated  that  this  discovery  also  came  about  through  the 
initiative  of  a  clinician.  Dr.  Oliver  administered  to 
patients  by  the  mouth  extracts  of  various  organs  and 
observed  by  the  clinical  instruments  which  he  employed 
that  they  exerted  a  definite  influence  on  the  blood-vessels. 
After  a  consultation  with  Professor  Schafer  they  started 
a  systematic  investigation  on  animals  which  led  to  their 
great  discovery  of  adrenin.°  We  need  not  discuss  here 
the  great  importance  which  this  extract  has  attained  as  a 
therapeutic  agent  in  medicine  and  surgery;  it  is  now 
common  knowledge. 

This  active  extract  is  obtained  from  the  medullary 
portion  of  the  adrenals,  secreted  apparently  by  its  spe- 
cific cells.  By  various  reactions  and  methods  this  extract 
has  been  traced,  step  by  step,  on  its  way  from  the  cells  to 
the  blood  in  the  vein  of  that  gland.  The  internal  secre- 
tion of  this  gland  seems  thus  to  have  been,  so  to  say, 
directly  demonstrated.  The  cells  of  the  medullary  por- 
tion of  the  adrenals  are  similar  to  those  found  in  the 
carotid  gland,  in  ZuckerhandFs  gland  and  in  some  sym- 
pathetic ganglia.  They  all  have  in  common  an  affinity 
for  chromic  acid — hence  the  name  chromaffin  cells — and 
exert  a  similar  physiologic  action,  for  instance,  a  rise  of 
blood  pressure.  The  medullary  portion  shows  also 
embryologically  a  relationship  to  the  sympathetic  nerv- 
ous system.  It  is  assumed  by  some*^  that  the  action  of 
adrenin  (adrenalin)  on  organs  which  are  innervated  by 
the  dorso-lumbal  portion  of  the  sympathetic  nervous 
system  is  similar  to  that  of  the  action  of  the  correspond- 
ing sympathetic  nerve  fibers  on  smooth  muscle. 

Eeports  are  gradually  increasing,  showing  the  rela- 
tions of  the  conditions  of  the  medullary  portion  of  the 

4C.  See  Elliot :  Jour.  Physiol.,  xxxli. 
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gland  to  various  pathologic  and  toxicologic  states 
(chloroform  poisoning,  shock,  nephritis,  etc.).  We  shall 
not  dwell  here  on  these  details.  We  are  in  the  midst  of 
a  great  chapter,  and  the  future  has  yet  a  great  deal  in 
store  for  our  knowledge.  In  fact,  we  know  as  yet  noth- 
ing of  the  significance  of  the  cortex  of  the  gland.  But 
we  have  certainly  learned  a  great  deal  about  that  gland 
in  a  remarkably  short  time.  We  know  now  that  it  is  an 
absolutely  vital  organ,  that  it  exerts  its  physiologic  influ- 
ence by  emptying  its  secretion  directly  into  the  blood, 
and  we  have  learned  to  obtain  from  it  an  extract  which 
is  of  immense  practical  and  scientific  importance.  These 
important  facts  have  been  learned  by  animal  experimen- 
tation, and  we  could  never  have  learned  them  in  any 
other  way. 

HYPOPHYSIS 

This  gland  is  very  small,  weighs  about  half  a  gram, 
and  is  hidden  away  in  a  most  inaccessible  manner  in  the 
sella  turcica.  The  older  anatomists  ascribed  to  it  the 
fanciful  function  of  secreting  mucus,  hence  the  term  of 
pituitary  gland.  In  more  recent  times — until  1886 — it 
was  looked  on  as  an  evolutionary  remnant,  a  sort  of  use- 
less appendix  of  the  brain.  It  consists  of  two  parts,  a 
larger  anterior  part,  containing  glandular  epithelial  cells, 
and  a  posterior  part,  which  contains  some  nervous  ele- 
ments and  no  epithelial  cells.  Since  Rathke  (1833)  and 
Mihalkovits  (1874)  it  has  been  generally  recognized 
that  both  parts  are  embryonically  developed  from  differ- 
ent origins ;  the  anterior  part  coming  from  the  posterior 
pharynx  and  the  posterior  part  from  the  midbrain. 

It  was  again  clinical  medicine  which  began  to  shed 
light  on  the  function  of  the  pituitary  body.  In  1886  P. 
Marie*''  called  attention  to  the  occurrence  of  a  new  dis- 
ease which  he  termed  acromegaly  and  which  was  found 
to  be  associated  with  tumors  of  the  hypophysis.  The 
most  striking  sign  of  this  disease  is  the  overgrowth  of 
certain  parts  of  the  skeleton,  especially  the  extremities 
and  the  lower  jaw ;  hypertrophy  of  the  connective  tissue 
is  also  present.  The  statements  of  Marie  were  confirmed 
bv  manv  other  observers.  Furthermore,  it  was  found 
that  gigantism,  that  is,  an  increase  of  growth  which 
leads  to  unusual  stature,  is  in  most  cases  associated 
with  tumors  of  the  pituitary  body  and  a  concomitant 
enlargement  of  the  sella  turcica.    These  clinical  observa- 

47.  Marie:  Rev.  de  m6d.,  1886,  p.  298. 
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tions,  which  clearly  indicated  that  the  pituitary  gland  is 
in  some  way  connected  with  the  growth  of  the  body  and 
exerts,  therefore,  a  physiologic  function  on  the  growing 
and  grown-up  animal  organism,  led  to  various  series  of 
experimentation,  of  which  we  shall  mention  here  briefly 
only  two.  In  the  first  place,  the  attempt  was  made  to 
study  the  effect  of  the  removal  of  the  gland.  Until  a 
few  years  ago  these  attempts  seemed  to  be  futile,  as  the 
various  investigators  obtained  contradictory  results, 
which  was  not  surprising  considering  the  immense  diflB- 
culties  with  which  the  experimenters  were  confronted 
in  their  attempt  to  reach  that  hidden  gland  without 
endangering  the  life  of  the  animal.  About  three  years 
ago,  however,  Paulesco*®  worked  out  an  apparently  satis- 
factory method  of  getting  to  the  pituitary  body  through 
the  temporal  bone.  The  results,  which  were  arrived  at 
by  Paulesco  himself  and  which  were  extensively  con- 
firmed, among  others  by  Harvey  Gushing,*®  seem  to  be 
uniform  and  reliable.  Briefly  stated,  they  are  as  fol- 
lows :  Complete  removal  of  the  hypophysis  leads  invari- 
ably to  the  death  of  the  animal  within  forty-eight  hours 
after  the  operation.  Reaching  the  gland  and  handling 
it  has  no  effect.  Neither  does  the  complete  removal  of 
the  posterior  part  seem  to  have  any  effect.  On  the  other 
hand,  the  complete  removal  of  the  anterior  part  has  the 
same  invariably  fatal  effect  as  the  complete  removal  of 
the  entire  gland.  Leaving  behind  a  small  portion  of  the 
anterior  part  saves  the  animal's  life.  We  thus  have 
positive  evidence  that  the  hypophysis,  like  the  thyroids, 
parathyroids  and  the  suprarenal  capsules,  is  an  organ 
indispensable  to  the  life  and  health  of  the  animal. 

The  second  line  of  investigation,  which  was  carried 
out  by  Schafer^®  and  his  associates,  by  HowelP^  in  this 
country,  and  by  many  other  investigators,  deals  with  the 
effects  of  injections  of  extracts  of  the  pituitary  body. 
The  results  as  they  stand  to-day  are  as  follows:  The 
extracts  cannot  save  the  life  of  the  animal  after  removal 
of  the  gland.  Extracts  made  of  the  anterior  part  exert 
no  definite  influence  on  the  animal.  On  the  other  hand, 
extracts  made  of  the  posterior  part  have  a  definite  influ- 
ence on  blood-pressure  and,  independently  of  the  blood- 
pressure,  also  on  the  urinary  secretion.     We  need  not 
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enter  here  into  the  details  of  the  nature  of  this  influence, 
but  it  is  in  no  way  comparable  with  the  marvelous  influ- 
ence of  the  extract  made  of  the  medullary  portion  of  the 
adrenals.  The  striking  outcome  of  these  investigations 
for  the  present  is  that  the  part  which  is  essential  to  life 
exerts  no  influence  by  its  extract,  and  the  part  which 
exerts  such  an  influence  seems  to  be  unessential  to  life. 
It  is  evident  that  the  action  of  the  normal  organ  is  not 
identical  with  the  action  of  its  extracts — a  lesson  which 
is  not  yet  well  learned  by  some  writers  who  deal  with  the 
significance  of  iodothyrin  or  adrenin. 

With  reference  to  the  relation  of  tumors  of  the  hypo- 
physis to  acromegaly  and  gigantism,  we  have  at  present 
still  two  contending  theories.  One  assumes  that  the 
changes  in  the  growth  of  the  organism  are  due  to  a 
destruction  or  diminution  of  the  function  of  the  gland; 
the  other  theory  assumes  that  the  increase  of  growth  is 
due  to  a  greater  stimulation  of  the  function  of  the 
gland,  assuming  that  the  tumor,  at  least  at  its  beginning, 
is  of  the  nature  of  hvperplasia  and  benign  in  character. 

As  to  the  therapeutic  application  of  these  results,  we 
have  stated  already  that  injection  of  the  extract  is  of  no 
avail  in  saving  the  life  of  the  animal  after  the  complete 
removal  of  the  hypophysis.  I  am  not  aware  of  any 
attempts  to  graft  this  gland.  But  there  is  very  promis- 
ing beginning  in  the  surgical  treatment  of  the  diseases 
due  to  the  pathologic  condition  of  the  hypophysis.  There 
are  already  on  record  a  few  successful  cases  of  removal 
of  tumors  of  the  pituitary  gland  in  which,  of  course, 
some  fragments  of  the  gland  were  purposely  left  behind. 
We  are  here  only  at  the  threshold  of  a  new  era. 

Eecently  good  results  were  also  reported  from  treat- 
ment of  shock,  uterine  hemorrhages,  etc.,  by  injection  of 
extracts  from  the  infundibular  portion  of  the  hypophy- 
sis. 

THE  THYMUS 

It  is  true  that  this  ductless  gland  gradually  atrophies 
during  extrauterine  life,  but  it  is  also  true  that  it  per- 
sists for  a  long  time  after  birth.  With  our  present 
knowledge  of  the  importance  of  the  other  ductless  glands 
we  are  hardly  justified  in  assuming  that  the  thymus  is  a 
worthless  fetal  remnant.  But  we  have  to  acknowledge 
that  as  yet  there  are  no  reliable  observations  or  experi- 
ments which  indicate  clearly  that  the  thymus  has  a 
function  in  postuterine  life. 
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FACTS  ESTABLISHED 


Looking  over  the  mass  of  facts  which  we  have  recorded 
in  the  foregoing  pages,  we  find  in  the  first  place  that  the 
investigations  of  recent  years  have  established  definitely 
that  the  thyroids,  the  suprarenal  capsules  and  the  hypo- 
physis are  vital  organs  of  immense  importance.  Further- 
more, for  the  thyroid  it  was  found  that  its  extract  can 
nearly  compensate  the  absence. of  the  organ.  For  the 
adrenals  it  was  found  that  they  furnish  a  very  effective, 
therapeutically  extremely  important  extract ;  this  extract, 
however,  cannot  supplant  the  organ.  The  hypophysis 
furnishes  a  moderately  effective  extract,  and  this  by  a 
part  which  seems  to  be  not  indispensable  for  the  life  of 
the  animal.  All  three  glands  seem  to  consist  anatomic- 
ally of  two  parts,  of  the  mutual  functional  relations  of 
which  we  know  nothing  definite.  We  know  nothing  of 
the  significance  and  importance  of  the  cortex  of  the 
suprarenal  capsules  and  we  know  little  about  the  pos- 
terior part  of  the  hypophysis.  We  know  a  great  deal  of 
the  importance  of  the  newly  discovered  mate  of  the  thy- 
roids, the  parathyroids,  but  as  to  the  mutual  relations 
of  these  neighbors  we  have  for  the  present  only  theories, 
and  as  many  as  the  subject  permits ;  they  are  synergists, 
they  are  antagonists,  and  they  are  indifferent  to  one 
another.  As  to  the  mode  by  which  these  glands  affect 
the  life  of  the  organism,  there  can  be  no  doubt  that  it  is 
accomplished  by  means  of  an  internal  secretion;  that  is, 
something  of  importance  is  prepared  within  the  gland 
which  comes  in  contact  with  the  blood  without  the  inter- 
vention of  a  special  duct.  As  to  the  way  this  takes  place 
we  have  again  a  variety  of  theories:  each  of  the  glands 
sends  to  the  blood  a  specific  substance  which  the  body 
needs  for  its  existence ;  the  glands  send  to  the  blood  an 
ingredient  which  neutralizes  poisonous  specific  sub- 
stances accumulated  there;  and,  finally,  specific  poison- 
ous substances  are  attracted  to  the  various  glands  where 
they  become  detoxicated.  These  theoretical  disagree- 
ments were  and  are  important  factors  in  the  development 
of  the  details  of  our  knowledge  of  these  subjects,  inas- 
much as  in  the  efforts  to  prove  the  correctness  of  one 
theory  or  the  other  a  great  many  important  facts  were 
and  are  being  brought  to  light  by  the  supporters  of  the 
various  theories. 
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THE  INTERNAL  SECRETION  OF  OTHER  GLANDS  AND  ORGANS 

The  inspiring  experimental  activities  in  the  studies  of 
the  internal  secretion  of  the  ductless  glands  stimulated 
similar  investigations  in  other  organs  and  brought  to 
light  the  important  fact  that  organs  which  have  a  defi- 
nite function  or  even  a  definite  external  secretion  may 
at  the  same  time  affect  the  body  in  a  well-defined  man- 
ner also  by  an  internal  secretion. 

INTERNAL  SECRETION  OF  THE  PANCREAS 

This  became  manifest  especially  in  the  discovery  of 
the  relation  of  the  pancreas  to  diabetes.  Here,  again, 
clinical  medicine  led  the  way.  On  the  basis  of  his  own 
observations  and  those  of  former  medical  writers  Lance- 
reaux,^-  in  1877,  assumed  that  the  so-called  meager 
diabetes  is  connected  with  a  diseased  condition  of  the 
pancreas.  The  same  view  was  taken  subsequently  by 
some  other  clinical  writers.  In  1889  von  Mering  and 
Minkowski^^  published  their  discovery  that  the  complete 
removal  of  the  pancreas  in  dogs  leads  to  a  most  striking 
development  of  diabetes.  The  facts  were  soon  worked 
out  at  great  length  by  Minkowski***  and  were  confirmed 
by  numerous  writers.  The  main  facts  are  as  follows: 
Complete  removal  of  the  pancreas  leads  to  a  fatal  glyco- 
suria in  all  animals  except  fowls,  in  which  it  leads  only 
to  a  hyperglycemia.****  Ligation  of  the  pancreatic  duct 
does  not  produce  diabetes.  The  diabetes  is  completely 
prevented  when  one-fifth  of  the  pancreas  is  left  behind, 
no  matter  where  this  remnant  is  placed,  provided  it  pre- 
serves its  vascular  connections  with  the  body.  Extracts 
of  pancreas  are  of  no  avail  when  the  pancreas  is  com- 
pletely removed.  There  is  no  doubt  that  the  control  of 
the  carbohydrate  metabolism  in  the  body  by  the  pancreas 
is  accomplished  not  by  its  external  secretion,  but  by  an 
internal  secretion  which  is  confined  to  the  pancreatic 
gland  and  is  thus  specific.  Whether  this  latter  secretion 
is  produced  by  the  same  cells  which  provide  the  external 
secretion  or  by  a  different  set  of  pancreatic  cells,  for 
instance,  the  groups  of  cells  which  are  known  as  the 
islands  of  Langerhans,  is  a  problem  which  is  still  within 
the  stage  of  theories.  It  was  a  great  discovery^ — a  sud- 
den flash  of  light  in  that  dark  labyrinth  of  physiology 
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and  patholog}^  of  carbohydrate  metabolism.  It  led  to 
numerous  investigations  and  to  the  unravelling  of  a 
great  amount  of  important  detail,  which,  of  course,  we 
shall  not  attempt  to  discuss  here.  I  wish  only  to  add 
the  remark  that  this  great  work  was  carried  out  and  is 
being  carried  on  essentially  by  modem  clinicians  well 
versed  in  experimental  methods. 

INTERNAL    SECRETION    IN    THE    ORGANS    OF    GENERATION 

The  well-known  interdependence  of  the  various  organs 
of  generation,  which  in  the  past  was  generally  ascribed  to 
the  regulation  by  a  nervous  mechanism,  is  now  recog- 
nized as  being  essentially  a  chemical  coordination  man- 
aged by  the  internal  secretions  of  these  organs.  Instances 
of  such  chemical  coordination  are :  the  dependence  of  the 
secondary  sexual  characters  on  internal  secretion  of  the 
testicles'^®  and  ovaries  f'^  the  dependence  of  the  growth  of 
the  uterine  mucous  membrane  in  pregnancy  on  the  inter- 
nal secretion  of  the  ovary  and  the  corpus  luteum;^^  the 
development  of  the  mammary  glands  in  pregnancy  under 
conditions  in  which  the  activity  of  the  nervous  system  is 
excluded;  for  instance,  when  the  ovary  is  transplanted 
in  the  peritoneum  or  at  the  base  of  the  ear,*^^  or  after  the 
removal  of  the  spinal  cord.®®  Starling  and  Lane-Clay- 
pon®^  succeeded  in  producing  the  development  of  mam- 
mary tissue  in  virgin  rabbits  by  injections  of  extracts 
made  of  fetal  tissue.  The  fetus  while  in  the  uterus 
transmits  to  the  maternal  bodv  a  substance  which  accom- 
plishes  two  purposes:  it  stimulates  the  growth  of  the 
mammary  glands  and  prevents  the  cells  of  these  glands 
from  resuming  their  specific  secretion.  With  the  removal 
of  the  fetus  from  the  body  at  a  period  when  the  glands 
reached  a  certain  definite  stage,  the  glandular  cells  begin 
to  secrete  milk.  This  means  that  the  mission  of  the 
internal  secretion  might  sometimes  consist  in  the  inhibi- 
tion of  a  certain  function. 

SECRETIN 

By  the  discovery  of  secretin®^  a  new  type  of  internal 
secretion  came  to  light.    Through  the  work  of  Pawlow®^ 
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it  became  known  that  the  presence  of  hydrochloric  acid 
in  the  duodenum  causes  a  greater  flow  of  pancreatic 
secretion.  It  was  presumed  that  the  acid  produced  this 
effect  by  stimulation  of  peripheral  nerves  in  the  duo- 
denum and  the  increased  pancreatic  secretion  was  simply 
a  nervous  reflex.  Bayliss  and  Starling,  however,  dis- 
covered that  an  extract  made  of  the  duodenal  mucosa 
under  addition  of  hydrochloric  acid  causes  an  increase 
in  the  flow  of  pancreatic  juiced  This  extract  the  authors 
named  secretin.  Boiling  the  extract  does  not  destroy  its 
effectiveness.  Bayliss  and  Starling  assume  that  under 
normal  conditions  after  the  entrance  of  the  hydrochloric 
acid  into  the  duodenum  a  similar  extract  is  prepared 
within  the  epithelial  cells.  This  extract  is  normally 
given  up  to  the  circulation  which  carries  it  to  the  pan- 
creas and  causes  the  external  secretion  of  that  gland. 
These  authors  believe  that  secretin  is  the  only  inducing 
cause  of  pancreatic  secretion.  Other  physiologists,  how- 
ever, believe  that  the  secretion  of  the  pancreas  is  also 
under  the  control  of  the  nervous  system. 

It  seems  to  me  that  there  are  well-established  clinical 
facts  which  speak  definitely  against  the  sole  control  of 
the  pancreatic  secretion  by  secretin.  In  cases  of  achylia 
gastrica  no  acid  is  secreted  within  the  stomach  and  none, 
therefore,  reaches  the  duodenum ;  consequently  no  secre- 
tin can  be  formed.  Nevertheless  the  digestion  of  various 
foodstuffs  occurs  in  these  patients  in  a  practically  normal 
way  within  the  intestines,  which,  of  course,  would  be 
impossible  if  pancreatic  secretion  depends  exclusively  on 
stimulation  by  secretin. 

While  secretin  is  thus  a  useful  factor  in  the  animal 
mechanism,  its  presence  is  not  indispensable  for  the  life 
and  health  of  the  animal.  It  mav  be  mentioned  that 
secretin  has,  in  common  with  the  extracts  of  the  thy- 
roids, adrenals  and  hypophysis,  the  property  of  not  being 
destroyed  by  digestion  or  by  heating  (when  not  pro- 
longed). 

It  is  stated  by  Edkins^*  that  also  the  cells  of  the 
mucosa  of  the  pyloric  part  of  the  stomach  manufacture 
a  secretin  (gastrin)  which  stands  in  close  relation  to  the 
secretion  of  the  gastric  juice. 

Besides  the  above  mentioned  results  there  are  many 
interesting  investigations  which  deal  with  the  mutual 
relations    of    these    various    internal    secretions,    for 
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instance,  the  relation  of  the  hypophysis  to  that  of  the 
thyroids  or  to  that  of  the  sexual  functions,  or  the  mutual 
relations  of  the  internal  secretions  of  the  pancreas,  adre- 
nals and  thyroids,  and  many  more  problems.  All  these 
investigations  which  we  cannot  discuss  here  open  up  new 
fields  and  are  full  of  promise  of  scientific  and  practical 
results. 

DISTINCTION    BETWEEN    INTERNAL    &ECRETION    AND 

WASTE  PRODUCTS 

The  internal  secretions  with  which  we  have  dealt  so 
far  have  in  common  a  few  important  characteristics 
which  ought  not  to  be  lost  sight  of.  In  the  first  place, 
all  these  secretions  are  traced  to  organs  which  are  pro- 
vided with  definite  secretory  elements.  In  the  second 
place,  there  are  good  reasons  for  assuming  that  in  each 
of  these  organs  the  respective  secretions  are  the  main 
products  of  the  specific  aflBnity  of  the  secretory  elements 
and  not  by-products  (waste)  secondary  to  another,  chief 
activity  of  these  elements.  Furthermore,  each  secretion 
is  specific  for  each  organ.  For  instance,  antitetanic 
activity  is  exercised  only  or  essentially  by  the  parathy- 
roids, and  glycolysis  only  or  essentially  by  the  pancreas. 

However,  the  term  internal  secretions,  as  it  was  intro- 
duced by  Brown-Sequard  in  ISQl®*^  and  as  it  now  fre- 
quently used,  is  meant  to  cover  also  a  variety  of  products 
which  have  in  common  with  the  before  mentioned  secre- 
tions only  the  fact  that  they  are  carried  away  from  the 
place  of  their  production  through  the  blood  or  lymph 
capillaries  and  not  by  special  ducts.  It  is  true  that  the 
waste  products  of  the  testicles,  of  the  kidneys,  of  mus- 
cles, and  of  other  organs  and  tissues,  which  are  thus 
included  under  the  term  of  internal  secretion,  have,  of 
course,  to  get  first  into  the  circulation  before  they  can  be 
eliminated  from  the  body.  And  it  is  further  true  that, 
since  they  have  to  linger  a  little  while  within  the  organ- 
ism before  they  can  be  completely  eliminated,- the  fluids 
and  tissues  of  the  animal  body  become  somewhat  adapted 
to  them  and  often  form  definite  reactions  to  protect  the 
body  against  their  deleterious  influence.  But  while  by 
the  presence  of  such  reactive  mechanisms  the  impression 
is  created  that  these  waste  substances  are  integral  parts 
of  the  living  organism,  the  fact  should  not  be  lost  sight 
of  that  they  are  poisons,  harmful  to  the  body,  and  that 
the  mechanism  of  the  body  with  regard  to  them  is 
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arranged  to  defend  it  against  them,  to  neutralize  their 
poisonous  effects  and  to  hasten  their  removal  from  the 
body.  What  logical  and  practical  advantage  can  there 
be  in  the  attempt  to  class  these  waste  products  together 
with  the  internal  secretions  with  which  we  have  dealt 
before  ?  It  is  probable  that  the  very  aim  of  some  of  these 
secretions  is  to  protect  the  body  against  some  of  these 
waste  products. 

Let  us  take  CO2,  a  waste  product  of  the  importance  of 
which  recently  a  great  deal  has  been  said  and  written. 
When  muscles  are  contracting  CO2  is  formed.  This  gas, 
however,  is  not  secreted  by  the  muscle  cell  and  its  pro- 
duction is  not  the  functional  object  of  the  muscle  fiber; 
it  is  here  only  a  secondary,  a  waste  product.  This  gas  is 
produced  also  by  the  activity  of  any  other  cells,  for 
instance,  in  the  secretory  activities  of  the  glands.  It  is 
not  secreted  by  them,  either,  and  its  production  is  not 
the  function  of  the  gland  cell;  it  is  here  also  merely  a 
waste  product.  Its  production  is,  therefore,  not  con- 
fined to  any  specific  cell,  tissue  or  organ.  In  the  assump- 
tion of  Bohr  that  CO2  is  secreted  by  the  epithelial  cells 
of  the  pulmonary  alveoli,  the  term  secreted  is  simply 
misapplied ;  it  is  meant  that  there  is  a  vital  action  in  the 
removal  of  the  gas.  A  cell  secretes  only  what  is  new; 
the  epithelia  of  the  alveoli  do  not  create  CO2 ;  they  only 
hasten  its  removal  by  some  vital  action.  That  these  epi- 
thelia, as  well  as  the  endothelia  of  the  capillaries,  are 
provided  with  such  vital  power  demonstrates  that  the 
organism  is  provided  with  special  mechanisms  for  the 
speedy,  infallible  removal  of  that  gas,  the  most  deleteri- 
ous waste  product.  'Now  a  great  deal  of  stress  has  been 
laid  on  the  theory  or  fact  that  the  respiratory  center  is 
greatly  stimulated  by  CO2.  What  does  this  specific  irri- 
tability of  the  respiratory  center  signify?  Again,  noth- 
ing else  but  that  the  body  protects  itself  by  making  the 
respiratory  center  so  sensitive  and  so  reactive  against 
this  dangerous  waste  product  that  any  surplus  of  it  auto- 
matically sets  going  a  well-working  mechanism  for  its 
rapid  elimination.  That  the  animal  organism  is  pro- 
vided with  sensitive  mechanisms  for  the  effective  removal 
of  a  substance  can  surely  not  be  taken  as  an  evidence  of 
the  necessity  and  importance  of  this  substance  to  the  life 
and  economy  of  that  organism.  We  know  now  that  the 
animal  organism  is  provided  with  numerous  effective 
defences  when  invaded  by  bacteria  or  other  foreign  inju- 
rious substances.    Will  any  one  claim  that  the  existence 


28 

of  these  well-organized  means  of  defence  within  the  body 
is  a  proof  that  these  bacteria  or  deleterious  substances 
belong  to  the  economy  of  the  animal  body  ?  The  animal 
possesses,  on  one  hand,  a  variety  of  organs  to  provide  it 
with  certain  specific  products  (secretions)  to  maintain 
its  life,  and,  on  the  other,  it  possesses  various  other 
mechanisms  for  the  purpose  of  maintaining  life  by  the 
effective  removal  of  other  products?  Can  the  contrast 
between  the  two  kinds  of  products  be  greater  ?  I  cannot 
see  that  any  progress  can  come  from  a  generalization 
which  tries  to  unite  such  heterogeneous  products  under 
one  head.  It  is  only  capable  of  obscuring  the  issue.  At 
any  rate- 1  would  strongly  advocate  confining  the  term 
internal  secretion  to  specific  secretions  of  organs  which 
are  provided  with  definite  secretory  elements. 

SUMMARY 

Let  us  now  summarize  the  main  facts  of  importance 
we  have  learned  in  the  recent  experimental  studies  con- 
nected with  the  problem  of  internal  secretion. 

1.  It  became  established  that  the  thyroids,  suprarenal 
capsules  and  hypophysis  are  vital  organs,  the  removal  of 
which  means  ruin  to  the  animal  organism.  Only  three 
decades  ago  they  were  considered  as  useless  remains. 

2.  Little  bits  of  definite  tissue,  the  parathyroids,  were 
recognized  as  vital  organs,  the  removal  of  which  is  fatal 
to  the  animal.  Their  very  existence  was  completely 
unknown  thirty  years  ago. 

3.  New  diseases  were  recognized  in  connection  with 
the  impairment  of  these  organs :  myxedema,  acromegaly, 
etc. 

4.  The  real  nature  of  cretinism  was  recognized. 

5.  Great  theoretical  and  practical  lessons  were  learned 
with  regard  to  extracts  prepared  from  these  ductless 
glands;  the  results  are  of  considerable  theoretical  and 
practical  importance.  We  need  only  refer  to  the  striking 
effect  of  the  tiiyroid  extract  in  the  treatment  of  natural 
and  artificial  (surgical)  myxedema  and  cretinism,  and 
to  the  great  usefulness  of  adrenalin  in  hemostasis,  or  in 
sthenic  conditions.  Valuable  practical  therapeutic 
results  were  recently  obtained  also  from  the  extract  of 
the  hypophysis.^®  There  is  no  doubt  that  even  from  a 
purely  therapeutic  point  of  view  the  lessons  learned  in 
this  short  period  of  three  decades  by  the  methods  of 
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experimental  medicine  compare  favorably  with  all  the 
lessons  learned  in  therapeutics  by  the  empirical  method 
for  many  past  centuries. 

6.  It  was  discovered  that  organs  with  a  definite  exter- 
nal secretion  may  exert  also  another  function  by  means 
of  internal  secretion.  Especially  important  was  the  dis- 
covery that  the  removal  of  the  pancreas  leads  to  diabetes. 
In  the  innumerable  observations  dealing  with  the  exas- 
perating problem  of  diabetes  this  discovery  is  an 
immense  step  forward,  although  the  goal  is  not  yet  in 
sight. 

7.  A  new  type  of  correlation  by  means  of  internal 
secretion  was  learned,  namely,  that  organs  participating 
in  a  common  complex  function  are  capable  of  controlling 
their  coordination  by  means  of  an  internal  secretion: 
the  interrelations  of  the  organs  of  generation  and  the 
relations  of  the  duodenum  to  the  secretion  of  the  pan- 
creas (secretin). 

8.  An  important  lesson  was  learned,  that  the  organs 
which  exert  an  influence  on  the  mechanism  of  the  body 
by  means  of  an  internal  secretion  are  provided  with  an 
abundance  of  factors  of  safety;  that  is,  they  possess  of 
the  specific  vital  tissues  a  good  deal  more  than  the  ani- 
mal needs  for  its  immediate  maintenance. 

9.  Surgery  learned  many  valuable  lessons.  In  the  first 
place  it  learned  that  radical  operations  on  these  organs 
are  invariably  ruinous  to  patients.  It  learned  further, 
however,  that  a  favorable  result  can  nevertheless  be 
obtained  by  leaving  in  the  body  a  comparatively  small 
vascularized  fragment  of  the  organ.  Surgeons  have 
learned  the  difBcult  task  in  removing  goiters  of  avoiding 
interference  with  the  parathyroids  and  their  vascular 
supply;  they  are  learning  how  to  reach  and  remove 
tumors  of  the  hidden  hypophysis,  and  they  are  learning 
to  mend  the  evils  of  an  unavoidable  radical  removal  of 
one  of  these  organs  by  grafting  such  an  organ  or  a  frag- 
ment of  it  in  various  safe  places  in  the  body. 

These  results  surely  mark  an  immense  scientific  and 
practical  progress.  Eemembering  that  it  was  made 
within  a  brief  period  of  less  than  three  decades,  and 
remembering  further  the  dense  ignorance  which  reigned 
in  this  field  for  centuries,  even  the  most  superficial 
observer  must  admit  that  the  progress  is  truly  marvel- 
ous. Furthermore,  the  observer  must  readily  admit  that 
the  acquired  results  are  not  luxurious  contributions  to 
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abstract  science,  but  consist  of  elementary  indispensable 
knowledge  in  the  domain  of  medicine. 

THE  LESSONS  TAUGHT 

There  are  many  valuable  lessons  that  we  may  and 
ought  to  learn  from  the  history  of  this  chapter  of  mod- 
ern medicine. 

In  the  first  place  nearly  every  fact  of  importance  in 
this  chapter,  as  was  pointed  out  before,  was  learned  by 
the  purely  biologic  method  of  research,  and  experimenta- 
tion on  animals  had  the  lion^s  share  in  it.  It  is  self- 
evident  that  none  of  the  fundamental  facts  could  have 
been  discovered  by  any  other  method. 

Furthermore,  the  results  were  achieved  largely  through 
the  harmonious  cooperation  of  medicine,  surgery  and 
experimental  medicine.  Experimentalists  and  physiolo- 
gists should  remember  that  it  was  the  observation  of  the 
clinician  Addison  which  set  Brown-Sequard  to  work 
experimentally  on  the  suprarenal  capsules;  that  it  was 
the  clinical  observations  of  Oliver  which  led  to  the  dis- 
covery of  adrenin  by  Schaefer  and  himself;  that  it  was 
the  observations  of  the  clinicians  Gull  and  Ord,  on  one 
hand,  and  of  the  surgeons  Kocher  and  Eeverdin,  on  the 
other,  which  contributed  greatly  to  the  establishment  of 
the  vital  importance  of  the  thyroids;  that  the  clinical 
observations  of  Marie  led  to  the  recognition  of  the  hypo- 
physis as  a  vital  organ;  that  the  clinical  statements  of 
Lancereaux  and  others  were  the  forerunners  of  the 
experimental  discovery  of  the  internal  secretion  of  the 
pancreas.  The  physiologists  should  also  remember  that 
it  was  Schiff  and  Brown-Sequard  who  were  instrumental 
in  the  establishment  of  the  vital  importance  of  the  duct- 
less' glands,  experimenters  who  did  not  enjoy  the  full 
approval  of  the  official  physiologists  of  their  time,  and 
that  most  of  the  experimental  work  on  internal  secretion 
was  at  least  first  carried  on  essentially  by  experimental 
clinicians  and  surgeons,  and  that  such  eminent  physiolo- 
gists as  Munk  and  Pfliiger  were  and  still  are  fighting  the 
teachings  of  internal  secretions,  which  can  be  explained 
only  by  the  deep-rooted  distrust  of  physiologists  of  the 
mechanical  school  of  any  results  obtained  by  purely  bio- 
logic methods. 

It  deserves  to  be  pointed  out  that  some  of  the  results 
owe  their  origin  to  mere  hypothesis.  It  was  the  hypothe- 
sis of  Felix  Semon  of  the  similarity  of  the  phenomena 
in   the  clinical  observations  of   Ord  and  the  surgical 
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results  of  Kocher  which  led  to  the  formation  of  the  com- 
mittee of*  the  London  Clinical  Society,  and  it  was  the 
report  of  this  committee  which  definitely  established  the 
importance  of  the  thyroid  to  life.  The  hypothesis  of 
Gley  of  the  relations  of  the  parathyroids  to  the  thyroids, 
though  probably  incorrect  in  its  original  conception,  led 
to  the  establishment  of  the  fact  of  the  antitetanic  func- 
tion of  the  parathyroid. 

On  the  other  hand,  it  ought  to  be  evident  that  neither 
hypothesis  alone,  nor  even  clinical  or  surgical  observation, 
is  capable  of  uncovering  the  whole  truth.  Mere  observa- 
tions and  ingenious  hypotheses  give  the  stimulus  and 
create  the  problem;  its  solution  can  be  hoped  for  only 
by  animal  experimentation.  Sometimes  surgery  initiates 
also  a  solution  of  the  problem;  but  we  must  keep  in 
mind  that  when  surgery  teaches  a  lesson  it  has  already 
made  an  experiment,  and  often  a  futile  one,  on  a  human 
being!  The  history  of  the  radical  operation  for  goiter 
should  be  a  lesson  to  all  surgeons  that  progress  in  sur- 
gery must  be  preceded  by  animal  experimentation; 
otherwise  it  may  sometimes  mean  ruin  to  human  life. 

The  experimental  history  of  the  ductless  glands 
teaches  us  the  impressive  lesson  not  to  rely  on  a 
few  experiments,  or  on  experiments  made  only  on  one 
species  of  animals,  or  carried  out  by  only  one  experi- 
menter. The  experiments  made  by  Phillipeaux  and  by 
Harley  on  white  rats  postponed  the  discovery  of  the  vital 
importance  of  the  suprarenal  capsule  for  thirty  years. 
Contradictions  between  experimenters  should  not  dis- 
courage further  investigation;  on  the  contrary,  it  often 
indicates  the  presence  of  an  important  fact  not  even 
looked  for.  JSTeither  should  an  apparently  satisfactory 
solution  prevent  us  from  reinvestigating  the  problem. 
When  the  chapter  on  the  thyroid  seemed  to  come  to  a 
beautiful  close  by  the  discovery  of  the  curative  eflEect  of 
its  extract,  it  surely  appeared  to  many  that  the  problem 
was  satisfactorily  solved.  Nevertheless  further  experi- 
mentation disclosed  soon  the  surprising  fact  that  in  all 
the  foregoing  experiments  and  observations  two  organs 
instead  of  one  was  dealt  with.  Ee-examination  of  seem- 
ingly well-established  facts  is  one  of  the  best  means  to 
further  scientific  progress. 
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For  hundreds  of  years  the  functions  of  the  ductless 
glands  were  shrouded  in  deep  mystery.  In  less  than 
three  decades  a  flood  of  light  was  shed  on  these  and  allied 
functions  by  animal  experiments  in  harmonious  coopera- 
tion with  medical  and  surgical  observations.  Can  anv 
person  with  a  sane  judgment  be  in  doubt  as  to  the  use- 
fulness  of  modem  experimental  medicine? 
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PASTBUB^S  INVESTIGATIONS 


The  investigations  of  Pasteur^  proving  that  the  dis- 
ease of  silkworms  known  as  pebrine  is  due  to  infection 
by  a  living  agent  had  the  immediate  practical  result  of 
restoring  the  languishing  silk  industry  of  Prance  and 
Southern  Europe,  and  also  produced  the  greatest  inter- 
est by  the  demonstration  that  disease  can  be  produced 
in  animals  by  infection  with  a  microbe.  The  fact  that 
the  infectious  agent  is  a  protozoon  received  little  atten- 
tion, and  for  many  years  following  Pasteur's  discovery 
bacteria  furnished  the  main  object  of  medical  investiga- 
tion; only  recently  have  numerous  researches  begun  to 
reveal  the  frequency  with  which  protozoa  occur  as  para- 
sites in  man  and  the  lower  animals. 

But  if  the  expansion  of  the  subject  of  parasitic  proto- 
zoology is  recent,  the  recognition  of  the  tropical  diseases, 
as  a  separate  group,  is  even  newer,  and,  in  spite  of  the 
extremely  rapid  growth  of  our  knowledge  of  these  dis- 
eases, we  must  still  regard  the  subject  as  relatively  unde- 
veloped. This  being  the  case,  the  results  hitherto 
obtained  from  experiments  and  investigations  in  tropical 
protozoology  are  to  be  regarded  as  hardly  more  than 
foreshadowing  those  which  may  be  expected  from 
further  research. 

ANIMAL  STUDY  UNAVOIDABLE 

In  considering  the  part  played  by  animals  in  the 
development  of  our  knowledge  of  tropical  diseases  of 
protozoan  origin,  several  lines  of  thought  present  them- 
selves.   In  the  first  place,  the  parasites  causing  these  dis- 

1.  Pasteur,  L. :  Rapport,  etc.,  relativement  a  la  maladie  de  vers 
&  sole,  Paris,  1868 ;  Pasteur,  L. :  Etude  sur  la  maladie  de  vers  ft 
sole,  Paris,  1870. 


eases  are  themselves  members  of  the  animal  kingdom, 
and  the  study  of  any  of  them  involves  a  measure  of  ani- 
mal experimentation.  In  the  second  place,  in  many 
instances  the  protozoan  parasites  causing  diseases  are 
carried  from  one  individual  to  another  by  insects.  The 
study  of  the  insect  carriers  of  disease  and  of  the  life 
history  of  the  parasite  in  the  insect  again  involves  a 
certain  sort  of  animal  experimentation,  Sie  insect  being 
the  subject  of  experiment.  Furthermore,  most  of  our 
information  concerning  the  protozoan  parasites  has  been 
acquired  from  studies  of  protozoa  spontaneously  infect- 
ing the  lower  animals,  and  studies  of  these  infected  ani- 
mals may  be  classed  as  animal  experimentation.  Finally, 
laboratory  inoculations  of  protozoa  into  healthy  animals 
have  been  made  with  varying  success.  This  article  will 
deal  mainly  with  the  two  last-mentioned  groups  of  ani- 
mal studies,  but  it  will  be  necessary  to  include  clinical 
and  zoologic  researches  in  order  to  give  a  connected 
account  of  the  progress  in  our  knowledge  of  the  diseases 
under  consideration. 

The  tropical  protozoan  diseases  have  become  recog- 
nized as  a  group  only  after  many  independent  and 
apparently  unrelated  studies.  The  circuitous  course  of 
these  studies  may  be  suggested  by  mentioning  a  few 
of  the  important  ones,  such  as  those  of  Pasteur,  in 
France,  on  pebrine;  of  Losch,  in  Russia,  and  Kartulis, 
in  Egypt,  on  amebic  dysentery;  of  Laveran,  in  Africa, 
on  malaria;  of  Smith  and  Kilbome,  in  the  United 
States,  on  ticks  as  carriers  of  Texas  fever;  of  Evans,  in 
India,  and  Bruce,  in  Africa,  on  trypanosomiasis  in  ani- 
mals; of  Eoss,  in  India,  on  the  transmission  of  malaria 
by  mosquitoes ;  of  Button  and  Todd,  in  Africa,  on  sleep- 
ing siclmess,  and  of  Schaudinn,  on  the  identification  and 
properties  of  numerous  protozoa. 

AMEBIC  DYSENTERY 

The  principal  facts  relating  to  amebic  dysentery  with 
which  we  are  acquainted  have  been  learned  from  clinical 
and  pathologic  studies.  Owing  to  the  diflSculties  encoun- 
tered in  growing  the  amebas  and  in  reproducing  the  dis- 
ease in  lower  animals  in  a  manner  which  excludes  the 
possible  action  of  bacteria,  there  are  a  few  who  still  find 
room  for  doubt  as  to  the  exact  relation  of  amebas  to 
human  disease,  although  most  authorities  accept  it  as 
proved  that  at  least  one  type  of  ameba  produces  dysen- 
tery in  human  beings. 


Lambl  observed  amebas  in  human  fecal  matter,  but  they 
were  not  regarded  as  pathogenic  until  Losch^  described 
the  ameba  and  the  disease  now  known  as  amebic  dysen- 
tery. After  administering  amebic  discharges  to  four 
dogs,  by  mouth  and  rectum,  Losch  found  amebas  in  the 
stools  of  one  of  them,  in  whose  rectum  also  there  were 
numerous  amebas  accompanying  inflammatory  and 
ulcerative  changes.  Losch  could  not  assign  a  specific 
etiologic  role  to  the  amebas,  but  thought  it  probable 
that  they  played  a  secondary  part  in  producing  the  dis- 
ease. The  intestinal  bacteria  complicated  the  experi- 
ments, which  were  all  the  more  difficult,  since  the  amebas 
could  not  be  grown  in  pure  culture  and  their  specific 
action  be  observed. 

STUDY  OF  AMEBA 

Clinical  and  pathologic  reports,  such  as  those  of 
Osler,^  Stengel,  Musser,  Dock,  and  Councilman  and 
Lafleur,*  established  amebic  dysentery  as  a  clinical 
entity,  but  amebas  were  nevertheless  frequently  found 
in  the  stools  of  persons  free  from  any  symptoms  of  dys- 
entery. Kartulis,^  stimulated  by  certain  observations 
made  during  Koch^s  cholera  expedition  to  Egypt,  made 
a  careful  study  of  the  dysenteric  conditions  in  Alexan- 
dria. From  a  study  of  over  500  cases,  he  concluded  that 
amebas  are  responsible  for  a  characteristic  form  of  dys- 
entery, and  that  they  are  also  the  cause  of  the  liver 
abscesses  often  complicating  the  disease.  Kartulis  did 
not  succeed  in  his  early  attempts  to  produce  experimen- 
tal amebic  dysentery  in  monkeys,  cats,  dogs,  rabbits  and 
guinea-pigs,  but  later  produced  typical  forms  of  the 
disease  by  giving  to  young  cats  rectal  injections  of 
amebic  discharges.  He  also  claims  that  he  grew  amebas 
from  liver  abscesses  in  pure  cultures  in  straw  infusion, 
and  with  these  cultures  successfully  inoculated  cats,  the 
animals  dying  from  a  typical  amebic  dysentery.  Inocu- 
lation with  bacteria  and  with  dysenteric  stools  freed 
from  amebas  never  caused  dysentery  in  his  experimental 
animals.  No  other  experimenters  have  been  able,  how- 
ever, to  repeat  Kartulis^  experiment  of  growing  amebas 
in  pure  culture,  although  Kruse  and  Pasquale  have  pro- 
duced dysentery  by  injections  of  ameba-containing  pus 
from  liver  abscesses. 

2.  LOsch  :  Virchows  Arch.  f.  path.  Anat,  1875,  xlv,  196, 

•  3.  Osier:  Bull.  Johns  Hopkins  Hosp.,  1889,  1. 

4.  Councilman  and  Lafleur :  Johns  Hopkins  Hosp.  Rep.,  1891,  il. 

5.  Kartulis:   Centralbl.  f.   Bakteriol.,   1891,  ix,  365. 


MODE  OF  INFECTION 

Although  human  beings  probably  never  receive  infec- 
tion through  the  rectum,  Kartulis'  experiments  at  least 
placed  the  subject  on  a  more  substantial  basis,  and  subse- 
quent experiments  have  shown  that  amebic  dysentery 
can  result  after  swallowing  amebas.  The  ordinary,  free 
and  unprotected  amebas  fail  to  produce  the  disease  after 
being  swallowed,  as  they  are  destroyed  in  the  upper  part 
of  the  digestive  tract  by  the  digestive  juices.  Under 
certain  conditions,  however,  the  amebas  become  encased 
in  cysts,  which  protect  them  from  the  digestive  juices 
and  other  injurious  agents.  In  this  encysted  condition 
amebas  can  pass  through  the  stomach  and  upper  intes- 
tine unharmed,  and  on  arriving  at  the  lower  part  of  the 
intestine  can  grow  out  into  the  usual  free  form  and  give 
rise  to  amebic  dysentery.  That  encysted  amebas  taken 
by  mouth  can  set  up  amebic  dysentery  was  shown,  in  the 
case  of  human  beings,  by  Calandruccio,  and,  in  the  case 
of  animals,  by  Quincke  and  Eoos,®  Kruse  and  Pasquale,'' 
H.  F.  Harris,®  Jiirgens,®  Musgrave  and  Clegg,^®  and 
others.  As  a  further  proof  of  the  specific  action  of 
amebas,  Harris,  in  dogs,  and  Marchourx.^^  in  cats,  which 
survived  the  infection  for  fifteen  or  sixteen  days, 
observed  the  development  of  liver  abscesses — a  very  dan- 
gerous and  characteristic  complication  met  with  in 
human  beings  suffering  from  chronic  dysentery. 

Although  clinical  and  pathologic  observations  and  the 
experiments  referred  to  would  seem  to  establish  the  fact 
that  the  ameba  is  a  disease-producing  agent,  the  question 
was  far  from  being  closed.  Many  experimenters  failed 
to  confirm  the  results  just  outlined,  and  in  addition  the 
conditions  of  some  of  the  experiments  were  too  severe  to 
make  the  positive  cases  convincing.  Moreover,  forms  of 
infectious  dvsenterv  occur  in  which  amebas  are  not 
present.  Light  was  thrown  on  this  group  of  cases  by 
Shisja^s   demonstration   of  a  bacillus  as  the   cause   of 

6.  Quincke  and  Roos :  Berl.  klin.  Wchnschr.,  1893,  xxx,  1089. 

7.  Kruse    and    Pasquale :    Ztschr.    f.    Hyg.    u.    Infectionskrankh., 
1894,  xvl,  142. 

8.  Harris,  H.  F. :  Vlrchow*s  Arch.  f.  path.  Anat.,  1901,  Ixvi,  67. 

9.  Jiirgens :  Ztschr.  f .  exp.  path.  u.  Therap.,  1907,  iv,  769. 

10.  Musgrave  and  Clegg :  Pub.  of  the  Bureau  Govt.  Lab..  Biol. 
Lab.,  Manila,  P.  I.,  1904,  No.  18;  Musgrave  and  Clegg:  Philippine 
Jour.  Sc,  November,  1906,  i,  909-950.  [Musgrave  and  Clegg  have 
found  that  amebas  can  be  grown  in  cultures,  if  suitable  bacteria  are 
growing  on  the  same  culture  media.  They  obtained  growths  of 
amebas  from  raw  vegetables,  water,  and  dysenteric  discharges,  and 
report  that  they  produced  abscesses  and  various  amebic  Infections 
with  cultures  from  all  sources.] 

11.  Marchoux :  Ann.  d'hyg.  et  de  m6d.  coloniales,  1900,  ill,  129. 


numerous  cases  of  epidemic  dysentery.  The  widespread 
occurrence  of  dysenteries  of  bacterial  origin  has  been 
shown  by  reports  of  Flexner,  Strong,  Lentz,  Kruse  and 
many  other  writers  all  over  the  world. 

Again,  it  has  been  found  that  amebas  are  frequently 
present  in  the  stools  of  persons  who  have  no  symptoms 
of  dysentery;  Schaudinn  finding  them  in  the  stools  of 
from  20  to  66  per  cent,  of  non-dysenteric  persons.  This 
has  led  to  the  view  that  there  are  various  kinds  of 
amebas,  or  that  there  is  at  least  one  pathogenic  ameba 
and  at  least  one  harmless  type.  Most  writers  hold  to 
the  view  that  there  are  at  least  two  types,  and,  while 
many  believe  that  the  types  can  be  differentiated  by  their 
microscopic  appearance,^^  Musgrave  and  Clegg  main- 
tain, as  the  result  of  their  experiments,  that  there  is  no 
ready  means  of  distinguishing  harmless  amebas  from 
those  that  produce  disease,  and  intimate  that  all  amebas 
are  pathogenic.  Schaudinn^^  has  helped  to  clear  up  the 
situation  by  showing  that  there  are  at  least  two  types  of 
intestinal  amebas,  distinguished  by  differences  in  their 
manner  of  growth  and  reproduction,  and  his  classifica- 
tion and  conclusions  based  on  the  differences  in  the  life 
of  the  two  amebas  are  the  ones  generally  accepted  at  the 
present  day. 

FURTHER  STUDY   OF   AMEBAS 

The  anatomic  changes  produced  by  amebas  have  been 
studied  in  man,  but  the  early  and  significant  stages  of 
the  diseases  can  be  seen  only  in  experimental  animals. 
The  manner  in  which  the  amebas  penetrate  into  the 
intestinal  glands  and  lead  to  destruction  of  the  tissues 
has  been  described  by  Jurgens,  Quincke  and  Roos,  H. 
F.  Harris  and  Kruse  and  Pasquale. 

While  studies  on  man  and  animals  indicate  that  the 
ameba  produces  a  dangerous  disease,  there  are  still  many 
problems  remaining  unsolved.  The  conclusions  of 
Schaudinn  must  be  confirmed;  the  various  pathologic 
.and  non-pathologic  conditions  in  which  amebas  occur 
need  further  study ;  although  amebas  have  been  found  in 
the  mouth  and  in  abscesses  of  the  jaw,  and  spontaneous 
amebic  disease  has  been  found  in  animals  (Strong),  the 
characteristics  of  these  parasites  and  the  number  of  spe- 
cies of  pathogenic  amebas  should  be  established.     We 

12.  Craig:  Jour.  Infec.  Dis..  1908.  v.  324. 

13.  Schaudinn :  Arb.  a.  d.  k.  Gsndhtsamte.,  1903,  xlx,  547. 


know  very  little  at  present  of  methods  of  protection 
against  this  infection  and  very  little  of  the  life  of  para- 
sitic amebas  outside  of  the  body.  In  the  elucidation  of 
such  problems — all  connected  with  the  welfare  of  human 
beings — animal  experimentation  will  almost  certainly  be 
necessary. 

TEXAS  FEVER  AND  ALLIED  DISEASES 

In  1891-2  Smith  and  Kilborne^*  discovered  and  proved 
that  Texas  fever,  a  destructive  disease  of  cattle,  is  due 
to  infection  of  the  blood  by  a  minute  pear-shaped  para- 
site, often  occurring  two  by  two  in  the  blood  corpuscles, 
and  named  by  them  Pyrosoma  bigeminum.^^  Smith  and 
Kilborne  performed  a  work  of  epochal  importance.  ISTot 
only  did  they  discover  the  cause  of  Texas  fever,  but  they 
explained  how  it  happened  that  the  disease  was  spreading 
gradually  northward  over  an  ever-widening  area.  At  a 
time  when  the  relation  of  insects  to  disease  was  hardly 
suspected,  they  proved  that  the  parasite  of  Texas  fever  is 
taken  up  by  ticks  which  bite  the  diseased  animal.  The 
tick,  when  gorged  with  blood,  drops  off  and  lays  an  enor- 
mous number  of  eggs  which  harbor  the  infection.  The 
eggs  develop  into  young  forms  of  tick,  which  die  unless 
a  chance  is  offered  to  suck  blood.  If  the  larval  ticks  have 
a  chance  to  feed  on  cattle  which  have  come  from  a  region 
free  from  Texas  fever,  the  disease  is  transmitted  to  the 
cattle.  It  was  through  the  agency  of  infected  ticks^  eggs 
that  Texas  fever  was  slowly  being  carried  northward  over 
the  country.  This  series  of  experiments  furnished  the 
first  proof  that  blood-drawing  vermin,  such  as  ticks,  can 
be  carriers  of  a  microbic  disease,  and  thereby  brought  to 
light  a  method  of  infection  hardly  dreamed  of  previously, 
but  now  known  to  be  characteristic  of  a  large  group  of 
protozoan  diseases. 

Several  other  diseases  caused  by  parasites  of  this  genus 
have  been  discovered  in  sheep,  in  dogs,  in  horses,  in  rats, 
in  monkeys,  in  goats  and  asses,  and  a  similar  disease  in 
man  has  been  described.  A  great  many  experiments  have 
been  undertaken  with  the  parasites  of  these  diseases  in 
attempts  to  gain  a  clear  knowledge  of  the  different  stages 
in  their  development  and  of  the  peculiar  mechanism  by 

T 

14.  Smith  and  Kilborne :  8th  and  9th  Ann.  Rep.  of  Bur.  An. 
Indust.  U.  S.  Dept.  Agric,  1891,  1892,  pp.  177-305. 

15.  There  has  been  much  discussion  over  the  name  of  this 
parasite.  It  is  most  widely  known  as  Piroplaama  "bigeminum,  but 
it  is  now  claimed  that  according  to  the  rules  of  nomenclature, 
Babesia  hovia  displaces  the  name  given  by  Smith. 


which  the  diseases  are  spread,  but  the  problems  have  not 
yet  been  thoroughly  elucidated.^®  These  parasites  have 
been  grown  by  Miyajima^''  and  Martini;^®  nevertheless 
their  characteristics  must  be  studied  in  the  living  body, 
and  it  is  clear  that  progress  in  understanding  diseases  of 
this  type  and  in  combating  them  cannot  be  expected 
except  through  the  employment  of  animal  experimenta- 
tion. Without  referring  to  the  direct  bearing  of  Smith 
and  Kilbome^s  experiments  on  the  cattle-raising  indus- 
try, it  may  be  pointed  out  that  their  work  furnished  a 
clue  of  crucial  importance  in  a  flood  of  investigations  on 
other  diseases,  which  already  have  been,  literally,  of  ines- 
timable value  to  human  welfare. 

MALARIA  AND  ALLIED  DISEASES 

In  order  to  gain  any  conception  of  the  immense  change 
that  has  been  brought  about  by  studies  on  malaria  it  is 
necessary  for  us  to  contrast  the  prevalence  of  the  disease 
to-day  with  that  of  twenty-five  or  thirty  years  ago,  and 
to  take  note  particularly  of  the  attitude  of  mind  which 
commonly  prevailed  in  regard  to  it.  The  present 
improved  state  of  affairs,  in  which  malaria  is  being  suc- 
cessfully combated  and  has  been  made  a  preventable  dis- 
ease, is  the  outcome  of  protracted  studies  of  apparently 
disconnected  matters,  such  as  microscopic  studies  of  the 
blood  of  malarial  patients;  inoculation  experiments  on 
animals,  and  even  on  man ;  the  study  of  blood  diseases  in 
birds,  field  mice  and  other  animals;  the  study  of  the 
classification,  anatomy,  distribution,  habits,  breeding- 
places  and  life-histories  of  mosquitoes.  From  such 
varied  sources  contributions  have  accumulated  until  most 
of  the  former  mysteries  connected  with  malaria  have 
disappeared,  and  there  are  now  few  diseases  concerning 
whose  origin  and  spread  we  have  such  clear  knowledge. 

laveran's  discovery  of  parasites 

When  Laveran^®  first  described  the  malarial  parasites, 
in  1880,  the  attention  of  the  medical  world  was  begin- 
ning to  focus  on  bacteria  as  disease-producing  agents, 
and  it  was  several  years  before  the  importance  of  Lav- 

16.  The  recent  works  on  this  subject  are  excellently  reviewed  in 
Calkins'  Protozoology,  1909. 

17.  Miyajima:  Philippine  Jour.  Sc,  Sec.  B,  May,  1907,  No.  2, 
ii,  83. 

18.  Martini:  Philippine  Jour.  Sc,  Sec.  B,  June,  1909,  No.  3, 
iv,  147. 

19.  Laveran :  Bull :  de  I'Acad.  de  med.,  Paris,  Nov.  23,  1880,  ix, 
1235  ;  Laveran :  Compt.  rend.  Acad.  d.  sc,  1881,  xciii,  627. 
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eran^e  discovery  was  recognized  and  its  accuracy  estab- 
lished. However,  the  work  of  the  Italians,  led  by  Mar- 
chiafava  and  Celli  and  Grassi,  and  of  American  clini- 
cians such  as  Osier  and  Thayer,  soon  placed  beyond 
question  the  fact  that  the  bodies  described  by  Laveran 
are  parasites  and  that  they  are  present  in  the  red-blood 
corpuscles  of  patients  suffering  from  malaria.  In  the 
flood  of  investigations  made  on  the  blood  of  malarial 
patients,  it  was  soon  learned  that  healthy  human  beings 
can  be  infected  by  inoculating  them  with  malarial 
blood,^^  and  that  there  are  several  types  of  malarial  para- 
site, producing  different  effects  in  man.  One,  the  para- 
site of  tertian  malaria,  causes  chills  every  other  day;  a 
second  causes  chills  at  72-hour  intervals  (quartan 
malaria) ;  a  third  causes  irregular  chills  and  is  responsi- 
ble for  what  is  known  as  pernicious  or  tropical  malaria. 
These  types  can  be  distinguished  from  each  other  by 
microscopic  examinations. 

LIFE  CYCLE  OF  PARASITE 

Golgi,^^  during  1885-6,  traced  the  stages  in  the  growth 
of  the  quartan  and  tertian  parasites  from  the  time  that 
the  minute  form  enters  the  red-blood  corpuscles,  through 
different  periods  of  development,  up  to  maturity,  when 
the  full-grown  form  divides  into  segments,  each  of  which 
enters  a  fresh  red  corpuscle  to  repeat  the  process.  He 
showed  that  the  malarial  chill  corresponds  to  the  time 
when  one  generation  of  full-grown  parasites  is  simul- 
taneously segmenting.  In  1891  Marchiafava  and  Celli 
made  a  similar  study  of  pernicious  malaria.  x\bout  this 
time  Danilewsky^^  investigated  a  number  of  warm- 
blooded and  cold-blooded  animals  and  found  several 
kinds  of  blood  parasites,  among  them  one  in  birds  which 
resembles  that  of  human  malaria. 

MOSQUITO  AS  A  CARRIER 

The  works  referred  to  established  a  relationship 
between  the  parasite  found  in  the  blood  of  human  beings 
and  the  disease,  and  the  occurrence  of  a  similar  parasite 
in  birds,  but  there  was  no  clue  to  indicate  where  the 
parasite  came  from  nor  how  it  got  into  the  blood,  nor 
was  there  any  generally  accepted  explanation  of  the  mode 

20.  Thayer  and  Hewetson :  Johns  Hopkins  Hosp.  Rep.,  1895,  v, 
35-39  and  53. 

21.  Golgi :  Arch.  p.  le  sc.  med.,  1885,  No.  4 ;  Golgi :  Gaz.  d.  osp., 
1886,  No.  53. 

22.  Danilewsky :  Ann.  de  I'Inst.  Pasteur,  1890,  No.  7,  pp.  427,  753. 


of  infection.^®  It  is  true  that  Laveran  supposed  that  the 
mosquito  was  concerned  in  some  way  in  this  transfer, 
and  that  this  idea  occurred  independently  to  Manson, 
who  had  found  mosquitoes  active  in  the  spread  of  a  blood 
disease  caused  by  a  minute  parasitic  worm  (Filaria  ban- 
crofti).^^  Manson  suggested  that  the  malarial  parasites 
were  carried  by  mosquitoes  from  malarial  patients ;  that 
the  mosquitoes  infected  drinking-water,  which  in  turn 
carried  the  parasite  to  susceptible  persons.  Bignami 
also  supposed  that  the  malarial  organism  passed  part  of 
its  life  in  the  external  world,  where  mosquitoes  in  some 
way  picked  it  up  and  inoculated  the  human  being  in  the 
act  of  biting  him.  The  mosquito  hypothesis,  however, 
lacked  support  until  1895,  when  Major  Eonald  Eoss,^*  a 
medical  officer  in  the  Anglo-Indian  service,  observed 
that  the  malarial  parasites,  taken  from  a  patient  into 
the  stomach  of  a  mosquito,  underwent  interesting 
changes,  with  the  production  of  flagellated  and  spherical 
forms,  which  were  subsequently  found  by  MacCallum^*^ 
to  be  sexual  forms  of  the  protozo(5n.  In  many  attempts 
to  continue  the  study  Eoss  failed  until  he  employed  a 
special  type  of  mosquito,  now  known  to  be  the  Anopheles, 
with  which  he  confirmed  his  previous  finding.  Directing 
his  attention  to  bird  malaria,  Eoss  discovered  that  if 
certain  types  of  mosquitoes  suck  blood  from  infected 
birds,  the  parasite,  proteosoma,  enters  the  mosquito, 
passes  through  an  elaborate  cycle  of  changes,  and  after 
about  9  days  develops  into  forms  which  accumulate 
about  the  proboscis  of  the  mosquito  and  are  discharged 
into  the  next  bird  attacked  by  the  insect,  to  reproduce 
the  disease  afresh.  Eoss  succeeded  by  this  means  in 
infecting  healthy  birds. 

The  bearing  of  Eoss'  discovery  on  the  problem  of 
human  malaria  was  apparent,  and  immediately  the  study 
was  taken  up  by  the  Italian  workers  who  proved  that 
the  mosquito  plays  the  same  role  in  this  disease  as  in 
bird  malaria.  In  arriving  at  this  result,  the  study  of 
malarial  diseases  of  fi6ld  mice  and  lower  animals  and  a 
painstaking  study  of  mosquitoes  by  Grassi,  played  a  part. 

23.  King :  Insects  and  Diseases ;  Mosquitoes  and  Malaria,  Pop. 
Sc.  Month.,  1883,  xxiii,  644. 

24.  Boss  :  Lancet,  Dec.  18,  1897,  and  Feb.  26,  1898 ;  Ross :  Ann. 
de  rinst.   Pasteur,   1899,   No.   2. 

25.  MacCallum :  Jour.  Exper.  Med.,  1898,  No.  1,    iii,  125. 


10 

The  chief  workers  among  the  Italians  were  Grassi,  Big- 
nami  and  Bastianelli.^^ 

CYCLES  OF  GROWTH  AND  REPRODUCTION 

From  these  investigations  it  developed  that  the  mala- 
rial parasites  have  two  cycles  of  growth  and  reproduc- 
tion: in  the  warm-blooded  animal  reproduction  is  asex- 
ual; in  the  mosquito  sexual  reproduction  occurs.  Both 
cycles  are  necessary  for  the  perpetuation  of  the  malarial 
parasite.  At  this  point  in  the  investigations  it  became 
urgently  necessary  to  determine  whether  any  other  ani- 
mal resembles  man  in  its  capacity  to  harbor  the  malarial 
parasites.  Experiments  on  this  point  were  perfectly 
uniform  in  their  results  f^  neither  by  inoculation  of  ani- 
mals  nor  by  having  them  bitten  by  infected  mosquitoes 
was  it  possible  to  cause  the  parasites  of  human  malaria 
to  grow  in  their  blood.  The  uniformity  of  these  results 
gave  assurance  that  the  lower  animals  do  not  suffer  from 
human  malaria  and  that  they  are  not  concerned  in  the 
spread  of  the  disease.  It  may  be  remarked,  however, 
that  diseases  resembling  malaria,  but  specific  for  certain 
types  of  lower  animals,  have  been  observed  by  Kossel, 
Ziemann,  Koch  and  Vassall. 

ANOPHELES  MOSQUITO 

The  adjustment  of  the  malarial  parasites  to  their  envi- 
ronment is  very  delicate;  a  certain  stage  of  the  parasite 
of  human  malaria  will  survive  and  multiply  in  mos- 
quitoes of  the  genus  Anopheles,  but  will  not  survive  in 
other  mosquitoes;  the  parasite  of  bird  malaria  will  not 
survive  in  Anopheles  mosquitoes,  but  survives  and  mul- 
tiplies in  Culex  mosquitoes.  The  parasites  of  bird  mala- 
ria do  not  live  in  human  blood,  even  if  introduced  artifi- 
cially or  by  an  infected  Culex  mosquito,  and  the  para- 
sites of  human  malaria  cannot  live  in  other  animals. 
Various  other  mosquitoes  have  been  found  to  be  capable 
of  carrying  malaria  to  human  beings,  nearly  all  being  of 
the  genus  Anopheles,  and  it  is  now  known  that  many 
genera  of  mosquito  are  quite  incapable  of  carrying  the 
disease. 

It  has  been  proved  that  the  mosquito  is  not  simply  a 
passive  carrier  of  the  malarial  parasite,  but  that  the  para- 
site  invades   the  tissues   of  the  mosquito   and  passes 

.  26.  Grassi :  Bignaml,  BaatianeUl,  Dionisi,  etc.,  Rev.  Acad,  dei 
Llncei,  Nov.  28,  1898  to  May  1899 ;  Reviewed  by  Ziemann  : 
"Malaria"  Mense's  'Handb.  d*  Tropenkrankh.,'  iii,  Parts  1  and  2. 
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through  certain  complicated  stages  of  development  before 
arriving  at  a  condition  in  which  it  is  capable  of  infecting 
a  fresh  human  subject.  The  changes  which  the  parasite 
undergoes  in  the  mosquito  are  apparently  essential  to  the 
continued  existence  of  the  parasite,  and  we  must  con- 
clude that  the  malarial  organism  is  regularly  parasitic 
for  two  living  creatures — man  and  the  Anopheles  mos- 
quito, and  that  it  can  continue  to  live  and  multiply  only 
when  it  can  occasionally  pass  from  one  of  these  hosts  to 
the  other  and  back. 

The  complicated  and  elaborate  stages  in  the  develop- 
ment and  reproduction  of  the  malarial  parasite,  both  in 
man  and  the  mosquito,  have  been  worked  out  step  by 
step.  Grassi,^®  in  1901,  studying  pernicious  or  estivo- 
autumnal  malaria;  Schaudinn,^^  in  1901,  the  form  caus- 
ing tertian  malaria.  Schaudinn  observed  the  parasites 
obtained  from  the  proboscis  of  the  mosquito  enter  human 
red-blood  corpuscles,  and  thereby  completed  the  chain 
of  evidence  required  to  prove  conclusively  that  the  mos- 
quito parasite  is  the  cause  of  human  malaria. 

DISAPPEARANCE   OF  MALARIA 

The  application  of  the  facts  learned  by  these  studies 
has  led  to  most  remarkable  changes  in  modem  life.  As 
soon  as  it  became  clear  that  man  cannot  acquire  malaria 
except  through  the  bite  of  a  mosquito,  and  that  the  mos- 
quito can  become  infected  onjy  by  biting  a  malarial 
patient,  the  prevention  of  malaria  and  its  eradication  at 
once  became  a  problem  to  be  attacked  by  exterminating 
Anopheles  mosquitoes  and  by  preventing  them  from  gain- 
ing access  to  malarial  patients. 

The  salutary  effect  of  the  antimosquito  campaign  in 
decreasing  the  death-rate  and  sick-rate  from  malaria  has 
quite  fulfilled  all  predictions.  The  banks  of  the  Suez 
Canal  have  become  habitable;  the  Roman  Campagna  is 
losing  its  terrors ;  the  construction  of  the  Panama  Canal 
has  been  made  possible,  and  life  in  the  tropics  has  been 
robbed  of  one  of  its  greatest  dangers,  largely  through  the 
works  of  Laveran,  Ross  and  Grassi.  Moreover,  the 
knowledge  acquired  has  not  only  led  to  an  intelligent 
campaign  against  malaria,  but  it  has  been  of  value  in 
understanding  other  dangerous  diseases  carried  by 
insects. 

27.  Schaudinn :  Arb!  a.  d.  k.  Gsndhtsamte.,  1902,  xvlil,  169. 
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YELLOW  FEVER 

It  will  be  recalled  that  up  to  a  very  short  time  ago  the 
southern  and  eastern  ports  of  this  country  frequently 
were  in  danger  from  epidemics  of  yellow  fever.  The 
cause  of  the  disease  was  unknown,  its  manner  of  spread 
mysterious,  its  mortality  high,  and  the  dread  of  its 
appearance  was  constantly  recurring.  In  1900,  five  years 
after  Ross  discovered  that  malaria  of  birds  is  trans- 
mitted by  mosquitoes,  an  American  commissions^  made 
an  elaborate  investigation  of  yellow  fever.  The  disease 
could  not  be  conveyed  by  contact,  nor  by  the  ordinary 
channels  through  which  bacterial  diseases  spread,  and 
experimental  animals  could  not  be  infected.  The  blood 
from  patients  was  inoculated  into  non-immunes  and 
they  promptly  developed  yellow  fever.  Mosquitoes  of  the 
genus  Stegomyia  were  allowed  to  bite  susceptible  per- 
sons after  sucking  blood  from  yellow  fever  patients,  and 
the  disease  was  transmitted  after  a  number  of  unsuccess- 
ful attempts.  The  first  person  on  whom  this  experiment 
succeeded  was  Dr.  Carroll,  one  of  the  members  of  the 
commission,  and  a  few  days  later  Dr.  Lazear,  also  a 
member  of  the  commission,  allowed  himself  to  be  bitten, 
contracted  yellow  fever  and  died.  In  spite  of  numerous 
and  careful  attempts,  no  other  method  could  be  found 
which  could  be  supposed  to  play  a  part  in  the  natural 
spread  of  yellow  fever,  and  the  commission  concluded 
that  victims  regularly  are  inoculated  from  infected 
Stegomyia  mosquitoes,  a  conclusion  which  has  been 
abundantly  confirmed.  It  has  since  been  shown  by 
Marchoux  and  Simond  that  the  offspring  of  infected 
mosquitoes  can  transmit  a  mild  form  of  yellow  fever. 

The  most  painstaking  investigations  have  failed  to 
demonstrate  the  virus  of  yellow  fever,  and  there  is  reason 
to  believe  that  it  is  too  small  to  be  seen  even  with  a 
microscope.  In  spite  of  the  fact  that  the  germ  of  the 
disease  is  unknown,  the  work  of  the  American  commis- 
sion has  demonstrated  that  yellow  fever  will  not  spread 
in  a  community  unless  infected  Stegomyia  mosquitoes 
occur.  The  truth  of  this  theory  has  been  tested  on  a 
grand  scale.  In  Havana  the  destruction  of  mosquitoes 
and  the  screening  of  yellow  fever  patients  have  relieved 
the  town  of  the  scourge.     The  same  measures  proved 

28.  Reed  Carroll,  Agramontc  and  Lazear :  Philadelphia  Med.  Jour.. 
1900,  vi,  796 ;  Reed,  Carroll,  and  Agramonte :  The  Joubnal  A.  M. 
A.,  1901,  xxxvi,  431. 
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sufficient  in  New  Orleans  some  five  years  ago,  and  have 
given  equally  satisfactory  results  at  Panama. 

TYPHUS  AND  DENGUE 

Typhus  fever  and  dengue,  two  diseases  whose  virus  is 
still  unknown,  have  been  studied  in  much  the  same  man- 
ner. In  the  case  of  dengue,  Ashburn  and  Craig^®  con- 
cluded that  the  disease  is  transmitted  by  the  ordinary 
Culex  mosquito ;  in  the  case  of  typhus,  Vassall  finds  that 
the  blood  of  patients  will  convey  the  disease  if  inoculated 
into  susceptible  individuals,  but  he  has  not  yet  deter- 
mined what  biting  insect  is  the  carrier. 

In  1903  minute  bodies  were  found  in  the  cells  of  vic- 
tims of  one  of  the  obscure  fevers  of  India,  known  as 
"kala-azar,^^^^  or  '^dum-dum  fever.^^  This  disease,  con- 
fused with  malaria  for  many  years,  was  finally  recog- 
nized as  one  of  the  scourges  of  India,  where  it  has  prac- 
tically destroyed  villages  by  its  widespread  and  high 
mortality.  The  bodies  found  by  Leishman^^  and  Dono- 
van^2  in  kala-azar  patients  appeared  to  be  the  infectious 
agent  causing  the  disease.  The  studies  of  Sogers  and 
Patton^^  have  shown  that  this  disease  also  is  carried  by 
an  insect.  It  has  been  found  that  bedbugs  which  have 
bitten  patients  with  kala-azar  have  the  protozoon  in 
their  stomachs,  and  it  has  been  learned  that  the  parasite 
undergoes  development  in  the  insect.  Up  to  the  present 
time  the  complete  life  history  of  the  parasite  has  not 
been  traced,  and  we  do  not  know  what  becomes  of  it,  nor 
how  it  gains  entrance  into  human  beings.  The  fact  that 
the  disease  cannot  be  given  to  experimental  animals 
increases  the  difficulties  of  study. 

RESULTS  OBTAINED 

It  can  be  seen  from  this  brief  review  that  an  enormous 
amount  of  research  work  has  been  devoted  to  the  study  of 
malaria  and  related  subjects  during  the  last  thirty  years. 
There  can  be  no  doubt  that  our  ideas  concerning  the 
nature  of  malaria  and  yellow  fever,  and  our  practices  in 
dealing  with  them,  have  been  profoundly  modified  by  the 
discoveries  of  research  workers.     It  is  equally  certain 

29.  Ashburn  and  Craig:  Philippine  Jour.  Sc,  Section  B,  1907, 
No.  2,  il,  128. 

30.  Leishman :  System  of  Medicine,  AUbutt  and  RoUeston,  Part 
2.  ii.  226. 

31.  Leishman:  Brit.  Med.  Jour.,  May  30  and  Nov.  21,  1903,  i. 

32.  Donovan  :  Brit.  Med.  Jour.,  July  11,  1903,  ii,  79. 

33.  Patton :  Scientific  Memoirs  by  the  Officers  of  the  Medical 
and  Sanitary  Departments  of  the  Government  of  India,  1907,  No.  27. 
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that  the  workers  have  been  justified  by  the  results 
attained;  waste  places  have  been  made  habitable;  the 
conditions  of  human  intercourse,  welfare  and  health 
have  been  improved,  and  there  has  already  been  an  incal- 
culable saving  in  human  life  through  the  preventive 
measures  now  so  well  known.  It  would  be  as  improper 
to  assert  that  these  results  could  have  been  attained  just 
as  readily  without  animal  experimentation  as  to  claim 
that  they  resulted  solely  from  such  experimentation. 
The  use  of  experimental  animals  was,  however,  neces- 
sary— ^just  as  necessary  as  the  study  of  sick  patients; 
just  as  necessary  as  the  study  of  mosquitoes.  It  is 
highly  probable  that  the  mastery  over  malaria  and  yellow 
fever  would  not  have  been  obtained  if  studies  on  animals 
had  been  done  away  with  thirty  years  ago. 

SLEEPING  SICKNESS  AND  ALLIED  DISEASES 

As  far  back  as  1841  Valentin  described  motile  protozoa 
in  the  blood  of  salmon.  Similar  actively  moving  bodies 
were  found  in  frogs  by  Meyer  and  received  from  Gruby 
the  name  ^'Trypanosoma  sanguinis/'  Little  attention 
was  paid  to  these  parasites  for  forty  years,  and,  although 
found  in  the  blood  of  various  lower  animals,  they  were 
not  regarded  as  disease-producing  agents.  In  1879 
Lewis  reported  the  occurrence  of  trypanosomata  in  the 
blood  of  Indian  rats.  A  short  time  later  Evans  discov- 
ered parasites  of  the  same  character  in  the  blood  of  ani- 
mals suffering  from  the  fatal  Indian  epizootic  "surra," 
and,  as  the  result  of  his  studies,  concluded  that  surra  is 
caused  by  the  trypanosoma.  The  disease  proved  uni- 
formly fatal  for  horses,  mules  and  dogs;  camels  were 
much  less  susceptible,  while  oxen  could  recover  after 
inoculation  with  the  parasite. 

About  1895  Bruce^*  was  sent  to  study  "nagana/'  a 
highly  destructive  disease  of  animals  in  South  Africa, 
and  found  the  animals  infected  with  a  parasite  like  that 
described  by  Evans  in  surra.  He  inoculated  horses  and 
dogs  with  the  blood  of  cattle  suffering  from  nagana  and 
reproduced  the  disease. 

TSETSE  FLY  THE  CARRIER 

In  attempting  to  trace  the  manner  in  which  animals 
became  infected,  Bruce  was  impressed  by  the  fact  that 
nagana     has    a    very    definite    localization,    occurring 

34.  Brnce:  Osier's  Modern  Medicine,  1907,  i,  460. 
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with  frequency  in  certain  regions,  beins:  absent 
from  others.  It  prevailed  in  relions  inhabLd  by  a 
stinging  fly,  the  "tsetse^'  fly  {Glossina  morsitans),  but 
did  not  develop  elsewhere.  -Bruce  carried  healthy  horses, 
oxen  and  dogs  from  the  mountains,  where  there  is  no 
nagana,  to  the  tsetse  fly  country,  where  some  became 
infected  with  tsetse  fly  disease.  From  these  animals  he 
established  the  fact  that  fly  disease  and  nagana  are  the 
same.  Bruce  then  brought  tsetse  flies  up  from  the  low- 
lands to  the  mountains,  allowed  them  to  sting  animals 
sick  with  nagana,  and  found  that  for  forty-eight  hours 
thereafter  the  flies  could  infect  healthy  animals  by  sting- 
ing them.  The  importance  of  the  tsetse  fly  as  the  agent 
transmitting  nagana  was  emphasized  by  finding  that  the 
disease  could  not  be  conveyed  by  water,  food,  contact 
with  sick  animals,  or  other  usual  channels  of  infection. 
In  attempting  to  discover  where  the  disease  arises  Bruce 
examined  the  blood  of  the  wild  animals  and  found  that 
many  of  them,  although  apparently  in  good  health,  are 
infected  with  the  parasite  of  nagana ;  in  other  words,  the 
wild  animals  are  a  permanent  reservoir  of  infection. 

Bruce  also  concluded  that  the  tsetse  fly  acts  mechanic- 
ally in  carrying  trypanosomata,  the  parasite  not  develop- 
ing while  within  the  fly.  In  his  experiments  the  trj^p- 
anosoma  of  nagana  proved  fatal  for  most  types  of 
monkey,  and  for  horses,  mules,  donkeys,  cattle,  dogs, 
cats,  guinea-pigs,  rabbits,  rats  and  mice. 

OTHER   PROTOZOAN  DISEASES 

Since  this  discovery  trypanosomata  have  been  found 
to  cause  a  number  of  widely  prevailing  diseases  in  the 
domestic  animals,  and  experiments  show  that  these  dis- 
eases can  be  transferred  to  many  other  animals.  Fur- 
thermore, protozoa  of  this  type  have  been  found  widely 
spread  in  other  animals,  fish,  etc.,  in  which  correspond- 
ing diseases  have  not  been  established.  Of  the  diseases 
may  be  mentioned  ^^dourine,^^  discovered  in  1896  by 
Eouget  in  African  horses;  "mal  de  caderas,^^  discovered 
in  South  American  horses  by  Elmassian  and  Voges  in 
1901 ;  ^^Galzickte,"  discovered  by  Theiler  in  African  cat- 
tle in  1902;  and  "coast  trypanosis  of  Kamerun,"  discov- 
ered by  Ziemann  in  1902.^* 

In  a  surprisingly  large  number  of  these  diseases  it  has 
been  established  by  careful  experiments,  reinforced  by  a 

35.  Ltthe:   Mense's   Handb.   d.   Tropenkrankh.,   1906,   Hi,   Part  1, 
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study  of  the  conditions  of  spontaneous  infection,  that  the 
parasite  is  carried  from  a  sick  animal  and  inoculated 
into  a  new  victim  by  the  bite  of  an  insect.  In  the  major- 
ity of  trypanpsomatic  infections  the  insect  is  a  biting  fly 
belonging  to  the  genus  Stomoxys  or  Tabarms  or  Olossina, 
Even  after  diseases  caused  by  trypanosomata  were  well 
recognized  in  the  lower  animals  the  parasite  was  not 
found  in  man  before  the  observation  of  Forde,  and  in  his 
case  there  was  at  the  time  no  proof  that  disease  resulted 
from  its  presence.  Proof  was  furnished,  however,  by 
Castellani,  who  found  the  same  parasite  in  the  spinal 
fluid  drawn  from  a  patient  suffering  from  a  fatal  disease 
of  Africa,  known  as  "sleeping  sickness,"  a  discovery  soon 
confirmed  and  extended  by  Button  and  Todd. 

EXPERIMENTAL  STUDY  OF  SLEEPING  SICKNESS 

It  is  impossible  here  to  review  the  overwhelming 
amount  of  experimental  work  that  has  been  performed 
m  connection  with  sleeping  sickness  and  trypanosomata 
during  the  last  few  years.  Expeditions  sent  from  Eng- 
land, France  and  Germany,  and  independent  investiga- 
tors, have  been  busily  occupied  with  the  subject.^^  As 
the  result  of  investigations  in  this  field  it  has  already 
been  established  that  trypanosomata  are  the  cause  of 
sleeping  sickness;  that  the  human  being  is  infected 
through  the  bite  of  a  fly  of  the  tsetse  fly  type,  Olossina 
palpalis;  that  the  fly  carries  the  parasite  for  five  days  or 
more  after  biting  a  patient  or  animal  infected  with 
trypanosomata,  but  can  transmit  the  disease  for  only  two 
days;  that  practically  all  the  Glossina  flies  captured 
around  certain  lakes  in  dangerous  districts  contain 
trypanosomata;  that  the  trypanosoma  of  sleeping  sick- 
ness is  fatal  for  some  lower  animals,  especially  for 
monkeys,  dogs  and  cats,  and  can  be  transferred  to  them 
experimentally,  while  other  animals  are  more  highly 
resistant  to  the  human  trypanosoma. 

In  addition  to  the  facts  just  stated,  researches  have 
been  made  to  determine  what  changes  are  produced  in 
the  tissues  as  the  result  of  trypanosomatic  infection,  and 
studies  into  the  mechanism  of  protection  and  immunity 
are  already  beginning  to  appear. 

PROBLEMS  TO  BE  SOLVED 

Many  experiments  have  been  made  to  discover  drugs 
with  which  to  combat  this  type  of  disease,  with  an 

36.  Thimm,  C.  A. :  "Bibliography  of  Trypanosomiasis,"  London, 
1909. 
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encouraging  degree  of  success,  and  already  two  drugs, 
trypanred  and  atoxyl,  have  become  recognized  as  having 
a  definite  value  in  the  treatment  of  trypanosomatic  infec- 
tions. Other  investigations  have  been  made  to  make 
clear  the  complicated  changes  which  trypanosomata  pass 
through  during  their  growth  and  reproduction;  Schau- 
dinn's  work  deserves  special  attention  in  this  connection. 
Upward  of  a  hundred  trypanosomata  have  been 
described,  which  differ  among  themselves,  either  in 
structure  or  habits.  It  is  important  to  determine  how 
many  species  we  have  to  deal  with ;  to  establish  the  spe- 
cific differences;  to  gain  information  regarding  the 
variations ;  so  far  as  possible  to  determine  the  conditions 
under  which  variation  occurs,  and  especially  to  obtain  a 
clear  knowledge  of  the  manner  in  which  these  protozoa 
live  when  they  are  not  parasitic  in  the  blood  of  animals. 
Many  experimental  studies  have  been  made  which  have 
in  view  some  of  the  objects  mentioned  above,  and  among 
other  important  results  already  achieved  a  method  has 
been  devised  by  Novy  and  his  colleagues  for  growing 
trypanosomata  in  cultures. 

TRYPANOSOMATA  WIDESPREAD 

Enough  has  been  said  to  show  that  diseases  caused  by 
trypanosomata  are  widespread  and  fatal  for  many  lower 
animals,  and  that  in  Africa  this  protozoon  is  exceedingly 
dangerous  to  human  beings.  I^he  problem  of  conquering 
these  diseases  is  an  immediately  pressing  problem.  The 
interests  involved  are  enormous,  often  national  or  even 
international.  Success  in  preventing  and  eradicating 
these  diseases  can  be  hoped  for  only  when  preventive 
measures  are  based  on  accurate  and  detailed  knowledge 
of  the  parasites  and  of  the  insect  carriers.  In  attaining 
this  knowledge  it  is  necessary  to  study  the  sick  animals, 
the  climatic  and  geographical  peculiarities,  the  distribu- 
tion and  habits  of  insects,  and,  above  all,  to  study  the 
parasites  themselves.  It  is  folly  to  assert  that  this 
knowledge  can  be  gained  equally  well  without  animal 
experimentation.  There  is  hardly  a  line  of  research  on 
trypanosomata  that  does  not  require  animal  experimenta- 
tion at  one  point  or  another.  Without  animal  experi- 
mentation, progress  in  combating  diseases  of  this  group 
would  practically  cease. 
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CONCLUSION 

It  may  be  well,  in  conclusion,  to  try  to  stand  to  one 
side  and  view  critically  the  experimental  work  that  is 
briefly  summarized  in  this  article;  to  face  frankly  the 
possible  charge  of  inhumanity  and  cruelty  and  to  face 
equally  frankly  the  obvious  motives  of  the  experimenters, 
and  the  results  aimed  at  and  actually  accomplished. 
Without  doubt,  to  one  not  interested  in  zoology  and  out 
of  touch  with  the  ideals  of  investigation  and  research,  it 
might  seem  wanton  cruelty  to  capture  field  mice  and  wild 
birds  and  to  study  the  blood  of  these  creatures  for  para- 
sites. There  might  well  have  been  no  obvious  connec- 
tion whatsoever  between  such  examinations  and  human 

• 

progress.  But  if  studies  like  those  of  Danilewsky,  Mac- 
Call  um  and  Koss  had  been  prohibited  on  the  ground  of 
cruelty,  it  is  not  improbable  that  the  ravages  of  malaria 
would  be  yet  unchecked.  The  wonderful  revolution 
brought  about  by  the  discovery  that  yellow  fever  is  carried 
only  by  the  m.osquito  was  almost  directly  a  sequel  to  the 
malaria  work,  and  it  requires  no  great  stretch  of  the 
imagination  to  suppose  that  if  animal  experimentation 
had  been  forbidden  the  world  would  to-day  be  as  power- 
less as  ever  in  the  fight  against  these  two  scourges. 

Again,  there  is  no  question  that  many  animals  have 
been  sacrificed  in  experiments  connected  with  Texas 
fever,  surra,  nagana  and  similar  diseases.  These  diseases 
do  not  even  attack  human  beings,  and,  therefore,  in  this 
group  of  cases,  we  do  not  have  to  balance  the  value  of  a 
human  life  against  that  of  an  animal.  The  motive  ani- 
mating the  experimenters  is  perfectly  clear  and  cannot 
be  interpreted  except  in  one  way  by  any  one  who  chooses 
to  weigh  the  evidence.  For  example,  no  flight  of  imagi- 
nation could  go  to  the  point  of  supposing  that  Bruce  was 
sent  out  to  South  Africa  in  order  to  perform  brutalizing 
experiments,  or  that  he  would  have  gone  for  any  such 
purpose.  It  is  so  obvious  that  it  sounds  puerile  to  state 
that  Bruce^s  mission  was  to  learn  to  master  nagana  and 
to  put  a  stop  to  its  ravages  among  live  stock.  The  ques- 
tion may  be  raised,  "Was  Bruce  justified  in  sacrificing 
some  animals  in  his  experiments  on  the  chance  of  thereby 
gaining  information  that  might  be  used  in  saving  tiie 
lives,  or  of  improving  the  condition  of  great  numbers  of 
other  animals?'^  There  can  be  only  an  aflBrmative 
answer  to  this  question,  so  far  as  economic  interests  are 
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concerned,  and  even  from  the  viewpoint  of  a  strict  oppo- 
nent of  animal  experimentation  it  might  seem  proper  to 
save  the  lives  of  many  animals  by  the  sacrifice  of  a  few. 
The  opposite  attitude  would,  in  fact,  be  both  foolish  and 
cruel,  as  it  would  disregard  the  welfare  of  the  great 
majority  of  the  animals.  And  yet  if  once  it  be  admitted 
that  animals  may  be  sacrificed  for  the  welfare  of  other 
animals  the  whole  attack  against  animal  experimentation 
collapses,  for  surely  human  progress  and  human  welfare 
are  objects  as  worthy  as  the  welfare  of  the  lower  animals. 
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The  subject  naturally  divides  itself  into  three  parts: 
(1)  the  conditions  before  the  introduction  of  the  anti- 
septic method  by  Lister;  (2)  the  means  by  which  his 
system  was  discovered  and  developed,  and  (3)  the  con- 
ditions existing  after  the  introduction  of  the  method, 
i.  e.,  at  the  present  time. 

My  surgical  life  covers  all  three  of  these  periods  since 
I  graduated  in  medicine  in  1862,  some  years  before  Lis- 
ter began  his  work.  I  have,  therefore,  fought  my  way 
from  the  horrors  of  the  preantiseptic  days  up  to  the 
delights  of  the  present  antiseptic  days.^ 

I.   THE  PREANTISEPTIC  PERIOD 

In  my  early  surgical  experience  every  accidental 
wound  and  every  surgical  operation  (that  is,  an  inten- 
tional wound)  was  followed  by  inflammation  and  sup- 
puration, i.  e.,  the  discharge  of  ^^pus^^  or  "matter/^  This 
was  not  only  constantly  expected  as  an  xmavoidable 
process  of  Nature  and  believed  to  be  needful  for  healing, 
but  was  constantly  realized.  Hence  the  pus  was  called 
^^audable^'  pus !  How  well  I  remember  forty  years  ago 
at  the  beginning  of  each  winter^s  session  when  I  was  the 
assistant  of  the  late  Professor  Samuel  D.  Gross,  his  turn- 
ing to  the  orderly  and  saying  to  him,  "To-morrow, 
Hugh,  I  shall  lecture  on  suppuration.  Go  over  to  the 
hospital  in  the  morning  and  get  a  cupful  of  pus  for  my 
lecture.^^  Pus,  mark  you,  was  always  "on  tap,^^  so  to 
speak,  though  the  little  hospital  contained  only  a  dozen 
beds! 

1.  In  this  article  I  use  the  word  antiseptic  as  the  more  popular 
one  to  Include  also  the  aseptic  method. 


Perhaps  the  best  way  to  give  the  reader  an  idea  of 
wound  conditions  at  that  time  will  be  to  describe  an 
ordinary  operation  and  its  results.  We  will  suppose  that 
it  is  an  amputation.  The  surgeon  approached  the  opera- 
tion with  the  clean  hailds  of  a  gentleman.  He  usually 
wore  an  old  coat  covered  with  dried  blood  spots  from 
previous  service.  His  finger-nails  very  likely  were  long 
and  no  special  attention  was  given  to  them.  The  instru- 
ments were  taken  out  of  a  velvet-lined  case  and  were 
as  clean  as  ordinary  table-knives  would  be.  The  opera- 
tion was  done  without  any  preliminary  cleansing  of  the 
skin  other  than  to  remove  any  visible  dirt.  If  the  knife 
happened  to  fall  on  the  floor  it  was  picked  up,  rinsed  in 
a  basin  of  ordinary  water  and  used  as  it  was.  The 
marine  sponges  then  always  used  were  washed  clean  in 
ordinary  water  and  used  over  and  over  again  even  after 
being  saturated  with  foul  pus.  The  blood-vessels  were 
tied  with  ordinary  silk ;  one  end  was  cut  short,  the  other 
one  hung  out  of  the  wound.  After  an  amputation  of  a 
fleshy  thigh  I  have  often  seen  25  or  30  such  '^igatures/^ 
as  they  are  called,  gathered  into  two  bundles,  one  at  each 
end  of  the  wound.  The  flaps  were  then  sewed  togetiier 
with  an  ordinary  needle  and  thread  and  the  stump 
dressed  first  with  an  old  rag  (which,  however,  would  be 
ordinarily  clean)  or  scraped  lint  spread  with  some  sim- 
ple grease.  Over  that  would  be  placed  some  other  rags, 
lint,  cotton,  or  other  dressing,  and  finally  a  bandage. 
During  the  Civil  War  these  greasy  dressings  gave  place 
to  simple  cold-water  dressings. 

By  the  second  day  the  patient  would  begin  to  have 
considerable  fever.  By  the  third  or  fourth  the  tempera- 
ture would  rise  to  what  we  now  know  (for  medical  ther- 
mometers were  not  in  general  use  in  that  early  day!)  to 
about  103,  104  or  105  F.  Then  we  would  poultice  the 
wound.  Every  few  hours  the  patient  would  be  disturbed, 
a  new  poultice  put  on  to  replace  the  old  one,  now  cold, 
foul  and  ill-smelling,  and  by  this  time  bathed  with  pus. 
I  have  often  seen  the  pus  escaping  by  the  tablespoon- 
ful  and  the  wounds  alive  with  squirming  maggots 
resembling  chestnut  worms.  By  this  time  also  it  was 
hoped  that  the  silk  ligatures,  with  which  the  arteries 
had  been  tied,  had  literally  "rotted"  loose  and  each  one 
of  them  was  gently  pulled  on  to  the  discomfort  of  the 
patient.  Care  was  taken  that  the  ligatures  with  knots 
tied  on  them  (in  order  to  distinguish  those  that  secured 
the  large  blood-vessels)  should  not  be  pulled  on  severely 


until  probably  the  tenth  or  twelfth  day.  Meantime  the 
patient  was  tossing  about  the  bed  with  pain,  with  thirst, 
without  appetite,  without  sleep  except  such  as  morphin 
would  secure.  This  at  the  same  time  dried  up  all  the 
secretions,  producing  constipation  and  other  evils. 

By  about  the  tenth  to  the  fourteenth  day,  suppura- 
tion having  been  fully  established  and  quantities  of  pus 
pouring  from  the  wound,  the  fever  would  subside  and 
the  wound  would  begin  slowly  to  heal.  Of  course,  the 
healing  could  not  be  complete  so  long  as  the  silk  liga- 
tures were  still  protruding  from  the  wound.  Sometimes 
they  did  not  become  detached  for  even  months  or  years, 
but  more  commonly  all  of  them  wouJd  rot  loose  in  from 
ten  days  to  three  weeks.  When  the  silk  ligatures  on  the 
large  blood-vessels  came  away,  if  the  healing  process 
had  formed  in  the  blood-vessels  a  firm  clot,  which  had 
become  adherent,  and,  so  to  speak,  ^^corked^^  it  up,  all 
went  well.  But,  as  very  frequently  happened,  when  the 
ligature  and  the  rotten  end  of  the  artery  were  pulled  off 
and  there  was  no  clot  to  act  as  a  stopper,  "secondary^ 
hemorrhage"  followed.  This  often  came  on  after  the 
patient^s  wound  had  been  dressed  and  the  surgeon  had 
left,  and,  if  so,  very  likely  the  first  notice  that  the  nurse 
had  that  anythitig  was  wrong  would  either  be  the  gasping 
for  breath  of  the  patient  or  his  moans  and  cries,  or  some- 
times by  the  blood  which  had  not  only  saturated  the  mat- 
tress, but  had  even  appeared  in  a  pool  on  the  floor. 
How  fatal  were  such  hemorrhages  may  be  seen  from  the 
fact  that  in  2,235  cases  of  hemorrhage  in  the  Civil  War 
61.7  per  cent,  of  the  patients  died.^ 

I  shall  never  forget  one  night  about  ten  days  after  the 
battle  of  Gettysburg,  when  it  was  my  business  as  "officer 
of  the  day"  to  attend  to  all  enxergency  cases.  That  night 
I  was  called  to  five  cases  of  secondary  hemorrhage.  To 
indicate 'what  a  difference  there  is  between  modern  and 
ancient  conditions,  in  the  thirty-four  years  since  October, 
1876,  when  I  began  the  practice  of  the  antiseptic 
method,  I  have  not  seen  as  many  cases  of  secondary 
hemorrhage  as  I  treated  in  that  one  night. 

It  was  a  rare  thing  for  any  patient  after  such  an  oper- 
ation to  get  well  under  three  or  four  weeks,  and  it  was 
not  uncommon  for  healing  to  be  delayed  for  three  or 

2.  So    called    to    distinguish    it    from    "primary    hemorrhage.*' 
i.  e.   the  bleeding  occurring  at  time  of  the  accident  or  operation. 

3.  Med.   and   Surg.   Hist.   War  of  the  Rebellion,   Part  3,   Surg. 
Vol.,  p.  765. 


6 

four  months,  so  that,  in  spite  of  the  great  mortality,  the 
wards  of  the  hospitals  were  cumbered  with  convalescent 
patients.  The  rare  case  in  which  healing  took  place  by 
"jSrst  intention,^*  i.  e.,  at  once,  was  recounted  as  a  tri- 
umph. To-day  it  is  precisely  the  reverse.  The  case  in 
which  healing  does  not  occur  primarily  and  at  once  is 
regarded  as  a  disaster. 

But  a  prolonged  convalescence  was  the  least  of  the 
evils  to  which  a  patient  was  subject.  A  large  majority 
of  the  wounds  were  followed  by  erysipelas,  by  lockjaw, 
or  by  blood  poisoning,  and  hospital  gangrene  sometimes 
became  a  veritable  plague.  Gangrene  in  various  forms 
during  the  Civil  War  was  rife  and  often  fatal.  In  2,503 
cases  1,1*42  patients  died,  a  mortality  of  45.6  per  cent.* 
In  one  variety  which  was  frequent,  hospital  gangrene,  a 
simple  flesh  wound  scarcely  larger  than  the  bullet  which 
made  it,  became  larger  and  larger  till  a  hand  would 
scarcely  cover  it  and  it  would  eat  into  the  tissues  until 
one  could  put  half  his  fist  into  the  sloughing  cavity. 

Of  505  cases  of  lockjaw  (tetanus),  451  were  fatal,  a 
mortality  of  89.3  per  cent.*^  Pyemia  or  blood  poisoning 
was  terribly  frequent  and  almost  as  fatal  as  it  was  fre- 
quent, for  of  2,818  cases  in  the  Civil  War  2,747  patients 
died,  or  97.4  per  cent!^  When  a  joint  was  opened  or 
wounded,  the  result  was  frequently  either  amputation 
•  or  death,  or  not  uncommonly  amputation  and  death. 
Of  2,382  wounds  of  the  knee-joint  alone  for  which 
amputation  was  performed  1,212  patients  died,  a  mor- 
tality of  51  per  cent.,  and  of  973  similar  wounds  for 
which  amputation  was  not  performed  591,  or  61  per  cent, 
of  the  patients  died."^ 

Fractures,  as  most  people  know,  are  divided  into  two 
kinds:  simple  fractures  in  which  the  skin  is  unbroken, 
and  compound  fractures  in  which  the  broken  bone  pro- 
trudes through  the  skin.  Simple  fractures  nearly  always 
heal  with  relatively  little  pain. and  slight  fever;  but  in 
the  preantiseptic  days  when  the  skin  was  broken  and  the 
bone  protruded  two  out  of  three  patients  with  these 
compound  fractures  were  sure  to  die. 

Moreover,  certain  regions  of  the  body  were  forbidden 
ground  unless  the  surgeon  were  absolutely  compelled  to 
invade  them.    'No  one  would  open  the  head  if  he  could 

4.  Ibid.,  p.  824. 

5.  Ibid.,  p.  819. 

6.  Ibid.,   p.  858. 

7.  Ibid.,  p.   367. 


possibly  avoid  it.  No  one  would  dare  to  make  an  inci- 
sion through  the  abdominal  wall  into  the  cavity  of  the 
abdomen  unless  a  bullet  or  a  dirk  had  gone  before  him 
and  opened  the  way.  The  reason  for  our  hesitation  was 
that  death  stalked  behind  us. 

How  eloquent  is  the  statement  of  Sir  Samuel  Wilks,® 
that  "the  change  came  home  to  me  in  an  almost 
startling  manner  from  what  I  witnessed  in  the  post- 
mortem room.  Some  time  before  [i.  e.,  before  Lister^s 
discoveries],  when  reading  a  paper  on  pyemia  (blood 
poisoning),  I  had  no  diflSculty  in  collecting  100  cases 
which  had  occurred  within  a  very  short  time  previously, 
when  suddenly  this  terrible  malady  disappeared — ^it  was 
gone  never  to  return."  So,  too,  lockjaw  (tetanus), 
except  in  accidental  cuts  that  have  been  neglected  and 
have  not  received  proper  surgical  care,  has  almost  com- 
pletely disappeared.  Again,  at  the  present  day  one  prac- 
tically never  sees  erysipelas  after  operations;  and  in 
order  to  find  illustrations  of  hospital  gangrene  to  show 
to  my  classes  for  the  last  thirty  years  I  have  had  to  rely 
on  pictures  from  the  Surgical  History  of  the  Civil  War 
and  other  similar  sources,  for  I  have  not  seen  a  single 
case  in  private  or  hospital  practice  since  I  first  adopted 
the  antiseptic  method  in  1876. 

II.   THE  DISCOVERY  AND  DEVELOPMENT  OF  THE 

ANTISEPTIC  METHOD® 

Neither  time  nor  space  will  allow  me  to  describe  the 
many  earlier  steps.  Schwann,  in  1837,  in  studying 
putrefaction,  reached  the  conclusion  that  it  was  not  the 
gases  of  the  air,  especially  the  oxygen,  as  was  then  uni- 
versally believed,  that  caused  putrefaction,  but  organic 
particles  which  fioated  in  the  air  and  which  could  be 
destroyed  by  heat.  In  1854  Schroder  and  Dusch  showed 
that  putrefaction  did  not  occur  in  organic  fluids  in 
flasks  if  the  air  entering  the  flasks  was  simply  filtered 
through  cotton  wool.  Pasteur,  in  1864,  showed  that  it 
was  necessary  neither  to  heat  the  air  nor  thus  to  filter  it, 
for  if  the  air  merely  entered  through  a  tortuous  tube  in 
which  the  dust  could  settle  before  it  reached  the  fluid 

8.  Royal  Com.  on  Vivisection,  1907-08,  Q.  7,750. 

9.  See  Lord  Lister's  Collected  Papers,  Oxford,  1909  (later  ref- 
erence to  these  Collected  Papers  will  be  indicated  simply  by  "Lister, 
vol.  — ,  p.  — ),"  Brit.  Med.  Jour.,  Dec.  13,  1902.  The  Lister  number 
celebrating  the  fiftieth  anniversary  of  his  receiving  his  degree,  and 
Lister's  Huxley  Lecture  in  the  same  journal,  Oct.  6,  1900,  and 
Cameron's  "Lister  and  the  Evolution  of  Wound  Treatment,  etc.." 
Glasgow,  1907. 
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no  change  took  place  in  the  fluid,  or  if  flasks  containing 
a  material  which  would  putrefy  were  left  open  in  a  place 
where  the  air  had  been  undisturbed  sufficiently  long  to 
allow  the  dust  to  settle,  as,  for  example,  in  a  cellar,  no 
decomposition  took  place  and  no  growth  appeared  in 
such  fluids. 

Lister  naturally  was  profoundly  impressed  by  these 
studies  of  Pasteur  and  he  proceeded  to  make  many 
experiments  to  confirm  or  disprove  them.  Among  them 
I  will  only  relate  the  following:^®  Lister  filled  four 
glass  flasks  one-third  full  of  urine  and  drew  out  the 
neck  of  each  flask  with  a  spirit  lamp  into  a  tube  less  than 
one-twelfth  of  an  inch  in  diameter.  Three  of  these  long 
open  tubes  were  then  bent  at  various  angles  downward,, 
while  the  fourth,  equally  narrow,  was  left  short  and  ver- 
tical. Each  flask  was  then  boiled  for  five  minutes,  after 
which  they  were  left  with  the  ends  of  the  small  necks 
still  open.  Through  these  open  mouths  the  air, 
including  its  oxygen,  would  pass  out  during  the  heat 
of  the  day  and  pass  in  during  the  colder  night.  The 
boiling  was  to  kill  any  organisms  in  the  liquid  or 
on  the  sides  of  the  glass.  The  object  of  the  bending 
of  the  three  necks  downward  was  to  allow  the  air  to 
pass  in  and  out,  but  to  intercept  the  particles  of 
dust,  which,  according  to  the  germ  theory,  caused 
putrefaction.  The  germs,  being  heavier  than  air,  could 
not  rise  in  the  bent  necks.  The  fourth  neck,  however, 
being  short  and  vertical,  not  only  allowed  the  air  to  pass 
in  and  out,  but  gave  a  very  narrow  but  real  opportunity 
for  dust  and  germs  to  fall  into  the  liquid.  If  any  of 
these  were  living  organisms  they  could  produce  putrefac- 
tion. In  a  short  time  the  vessel  with  the  short  and  ver- 
tical neck  showed  growths  of  mold  and  the  liquid 
changed  its  color,  showing  chemical  changes ;  but  in  the 
three  flasks  with  bent  necks  the  urine  after  four  years 
was  entirely  unaltered.  A  year  after  the  commencement 
of  the  experiment  a  little  of  the  urine  in  one  of  the  flasks 
with  a  bent  neck  was  poured  into  a  wine-glass ;  it  had  not 
lost  its  original  acidity  and  normal  odor  and  a  micro- 
scope showed  not  the  minutest  organism.  In  two  days 
it  was  most  offensive,  and  under  the  microscope  already 
teemed  with  organisms.  The  other  three  flasks  were 
subjected  to  a  further  severe  and  rather  amusing  test. 
Two  years  after  the  beginning  of  the  experiment  Lister 

10.  Lister:   ii,   173;   Brit.   Med.   Jour.,    1871,   il,   225. 
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had  to  transport  them  from  Glasgow  to  Edinburgh  on 
the  railway  when  he  was  appointed  to  the  chair  of  sur- 
gery in  Edinburgh.  He  took  charge  of  these  flasks  him- 
self, "nursing  them  carefully/^  as  he  says,  "to  the  amuse- 
ment of  my  fellow  travelers."  In  the  drivfi  from  the 
station  to  his  house  the  violent  rocking  of  the  carriage 
churned  up  the  contents  of  the  flasks  till  the  upper  part 
was  full  of  a  frothy  mixture  of  this  proved  putrescible 
liquid  with  the  atmospheric  gases;  yet  after  two  years 
more  no  decomposition  had  taken  place. 

The  explanation  of  this  convincing  experiment  was 
simply  this:  The  germs  in  the  atmosphere  could  not 
rise  against  gravity  in  any  of  these  tubes  bent  downward 
and  so  could  not  gain  access  to  the  urine.  This  easily 
preserved  a  decomposable  fluid  for  four  years,  although 
the  air  passed  in  and  out  freely  every  day.  But  the 
urine  in  the  flask  with  the  straight  but  very  narrow  neck 
in  a  few  days  had  undergone  decomposition.  The  only 
difference  between  the  flasks  was  that  the  three  bent 
tubes  prevented  the  entrance  of  the  germs,  though  not  of 
oxygen  or  other  constituent  of  the  air,  while  the  straight 
but  equally  narrow  tube  allowed  the  germs  to  enter 
through  in  very  small  quantities,  and  yet  these  few  grew 
and  produced  putrefaction. 

In  order  still  further  to  confirm  this  experiment, 
however.  Lister  tested  these  bent  tubes  by  the  condensed 
beam  of  light  which  Tyndall  had  used  and  found  that 
they  were  optically  empty.^^ 

These  experiments  convinced  him  that  it  was  not  the 
oxygen  or  any  other  gas  in  the  air  that  caused  inflam- 
mation and  suppuration,  but  that  these  were  caused  by 
the  minute  organisms  suspended  in  the  air.  In  dressing 
a  wound,  then,  the  problem  was  how  to  exclude  not  the 
air  or  its  oxygen,  which  was  impossible,  but  how  to 
exclude  the  organisms  in  the  air.  This  could  be  done 
by  applying  a  dressing  saturated  with  some  material 
capable  of  destroying  the  life  of  these  germs.  This  was 
the  basis  of  the  antiseptic  method.^^  It  must  be  remem- 
bered that  at  that  time  we  were  wholly  ignorant  of  wliat 
now  everybody  knows,  that  there  are  hundreds  of  differ- 
ent kinds  of  germs  or  bacteria.  Even  the  greatest  scien- 
tists were  then  groping  in  the  dark  seeking  for  the  light 
by  observation  and  especially  by  experiment. 

11.  See  TyndaU's  charming  lecture  on  Dust  and  Disease,  in  Frag- 
ments of  Science,  1871,  p.  275.     Appleton  &  Co. 

12.  Lister :  ii,  37 ;  Brit.  Med.  Jour.,  1867,  ii,  246. 
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About  that  time  Lister  was  much  struck  with  an 
account  of  the  effect  of  mingling  phenol  (carbolic  acid) 
with  the  sewage  of  the  town  of  Carlisle,  England.^*  He 
proceeded,  therefore,  to  experiment  with  it  in  compound 
fractures.  I  have  already  stated  how  fatal  a  compound 
fracture  was  in  those  days.  Indeed,  Mr.  Syme,  the  great 
Edinburgh  surgeon,  predecessor  and  father-in-law  of 
Lister,  was  inclined  to  think  that,  on  the  whole,  "it 
would  be  better  if  in  every  case  of  compound  frac- 
ture of  the  leg  amputation  were  done  without  any 
attempt  to  save  the  limb."  The  marked  success  which 
followed  his  dressing  these  compound  fractures^**  ^* 
with  carbolic  acid  led  him  then  to  experiment  with  its 
use  in  abscesses.^^'  ^*»  ^'*  This  was  followed  again  by  such 
remarkable  success  that  he  was  led  to  try  it  in  accidental 
wounds  and  finally  to  intentional  and  extensive  wounds, 
i.  e.,  surgical  operations.^^ 

Practically  the  progressive  introduction  of  the  anti- 
septic system  from  compound  fractures  up  to  deliberate 
surgical  operations  was  one  vast  experiment  in  the 
human  living  body — an  experiment  justified,  as  all  the 
world  well  knows,  by  its  splendid  and  continuing  results. 
Yet  when  in  1880  or  1881  Lister  wished  to  make  addi- 
tional experiments  on  animals  to  perfect  his  method  still 
further,  so  stringent  was  the  law  in  England  that  he  was 
obliged  to  go  to  the  Veterinary  School  at  Toulouse, 
France.^^ 

Like  many  surgeons.  Lister  had  noticed  the  fact  that 
a  needle  or  a  bit  of  glass  would  often  lie  for  an  indefinite 
period  in  the  body  without  producing  infiammation  or 
pus,  but  that  a  bit  of  silk  or  linen  thread  was  sure  to 
produce  pus.  He  believed  the  reason  was  that  the 
thread  was  porous  and  that  its  interstices  contained 
these  germs  which  no  one  had  then  seen  and  identified, 
and  that  they  gave  rise  to  decomposition  and  produced 
the  pus.  So,  Lister,  from  his  previous  experiments  with 
phenol  (carbolic  acid)  believed  that  if  the  thread  with 
which  an  artery  was  tied  were  steeped  in  phenol  and 
both  the  ends  of  the  silk  were  cut  short  it  might  be  left 
in  the  wound  without  producing  any  inflammation  or 

18.  Lister :  11,  3 ;  Lancet,  1867,  1,  326,  357,  387,  507 ;  U,  95. 

14.  Lister,  11,  3,  32,  37 ;  Brit.  Med.  Jour.,  1867,  U,  246. 

15.  Lister,  11,  32,  36,  42 ;  Brit.  Med.  Jour.,  1867,  11,  246. 

16.  Lister,  11,  188,  199,  256,  etc. ;  Brit.  Med.  Jour.,  1871,  11,  225 ; 
Edinburgh  Med.  Jour.,  1871-2.  xvll,  144;  Edinburgh  Med.  Jour., 
1875-6,   xxl,    193,    481. 

17.  Lister,  11,  281 ;  Lancet,  1881,  11,  863,  901 ;  Tr.  Intemat.  Med. 
Cong.,  London,  1881,  11,  369. 
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suppuration.  The  wound  could  then  be  closed  at  once — 
an  immense  gain,  for  it  would  heal  at  once.  "Before 
applying  these  principles  on  the  human  subject/^  he  says, 
"I  though  it  right  to  test  them  on  one  of  the  lower  ani- 
mals.^^^®  Accordingly,  Dec.  12,  1867,  he  tied  the  great 
blood-vessel  in  the  neck  of  a  horse,  having  steeped  the 
silk  for  some  time  in  a  solution  of  phenol.  Both  ends 
were  cut  short,  the  wound  was  entirely  sewed  up  and 
treated  with  phenol  dressings.  Ten  days  after  the  opera- 
tion the  dressings  were  removed,  the  wound  was  healed, 
and  there  was  no  pus !  Thirty-nine  days  after  the  opera- 
tion he  carefully  examined  the  artery  which  he  had  tied. 
The  operation  was  a  complete  success,  the  blood  current 
had  been  entirely  arrested  and  the  thread  had  been  cov- 
ered in  by  dense  fibrous  tissue.  Thus  encouraged,  he 
says:  "I  felt  justified  in  carrying  a  similar  practice 
into  human  surgery.^'^*  Jan.  29,  1868,^®  he  saw  a 
woman,  51  years  old,  with  an  aneurism  as  large  as  a 
large  orange  in  the  upper  part  of  the  left  thigh.  (An 
aneurism,  I  should  explain,  is  a  dilated  portion  of  an 
artery,  the  yielding  of  the  wall  being  due  to  disease  of 
the  wall  of  the  blood-vessel.  This  dilatation  continues 
to  increase  in  size  till  finally  the  wall  of  the  artery  is  so 
thin  that  it  bursts  and  the  patient  dies  from  hemor- 
rhage.) On  the  following  day  he  tied  the  woman's 
artery  with  a  piece  of  silk  which  had  been  steeped  for 
two  hours  in  phenol. 

The  wound  was  treated  like  that  in  the  horse's  neck, 
i.  e.,  both  ends  of  the  ligature  were  cut  short,  the  wound 
again  entirely  closed  and  a  phenol  dressing  applied.  The 
patient  was  immediately  relieved  of  the  pain  she  had 
previously  experienced;  she  had  no  fever,  the  pulse  was 
practically  normal  the  entire  time,  and  ^Tier  appetite, 
which  had  been  absent  during  the  four  weeks  of  agony 
that  preceded  the  operation,  returned  two  days  after 
it/'*^  She  made  a  perfect  recovery.  November  30,  ten 
months  after  the  operation,  she  suddenly  expired.  For- 
tunately, Lister  himself  had  the  opportunity  of  making 
the  post-mortem.  He  found  that  her  death  was  due  to 
the  bursting  of  a  similar  aneurism  inside  of  the  chest. 
Examining  the  artery  which  he  had  tied,  he  found  that 

18.  Lister,  ii,  63 ;  Lancet,  1867,  li,  668. 

19.  Lister,  ii,  65 ;  Lancet,  1867,  il,  668. 

20.  Lister  11,  88;  Lancet,  1869,  i,  451. 

21.  Lister,  ii,  89 ;  Lancet,  1869,  i,  451. 
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the  silk  had  almost  all  disappeared,  but  that  there  was  a 
little  fluid  around  the  remnant  of  the  ligature,  which 
probably  would  have  developed  into  a  small  abscess  and 
might  have  caused  great  mischief  had  she  lived  longer. 
This,  therefore,  suggested  to  him  the  expediency  of  Sub- 
stituting for  the  silk  some  other  substance  which  would 
be  more  readily  absorbed.^^ 

In  Philadelphia  years  before  Dr.  Physick  had  already 
tried  animal  ligatures  made  of  buckskin,  Dorsey  those  of 
kid.  Hartshorn  had  used  parchment,  and  Bellenger  and 
Eve  the  tendon  of  the  deer,  but  for  various  reasons  these 
had  all  been  abandoned.  Lister  determined  to  try  cat- 
gut. Although  he  had  great  confidence  in  the  use  of 
catgut  steeped  in  a  solution  of  phenol,  yet  he  says^^  "in 
order  to  put  the  antiseptic  animal  ligature  to  the  test, 
I  made  the  following  experiment,^'  for  only  by  experi- 
ment in  an  actual  living  body  of  animal  or  man  could 
the  question  whether  it  was  actually  safe  or  not  be  surely 
answered.  Dec.  31,  1868,  he  tied  the  right  carotid 
artery  in  the  neck  of  a  healthy  calf  at  several  places  with 
difiEerent  kinds  of  animal  ligature,  including  catgut. 
All  were  cut  short  except  one  end  of  the  catgut,  which 
was  purposely  left  three-quarters  of  an  inch  long  to 
determine  what  would  become  of  this  foreign  material. 
The  wound  was  completely  closed  and  dressed.  After 
ten  days  the  dressings  were  removed  and  the  wound 
found  quite  dry.  Thirty  days  after  the  operation  Lister 
says,  on  dissection,  he  was  struck  with  the  entire  absence 
of  any  infection  or  inflammatory  thickening  in  the 
vicinity  of  the  blood-vessel.  On  exposing  the  artery 
itself  he  was  greatly  disappointed  at  first  to  find  the 
ligature  to  all  appearance  still  there  and  as  large  as  ever. 
On  more  careful  examination,  however,  he  found  that 
this  apparent  ligature  was  not  the  catgut  ligature  at  all, 
but  that  this  ligature  had  been  transformed  into  bands 
of  living  tissue,  making  the  artery  not  weaker,  as  silk 
often  did,  but  stronger  than  ever  at  the  point  where  it 
was  tied.  The  knots  had  disappeared  and  also  the  three- 
quarters  inch  of  catgut  purposely  left.  Everything  had 
oeen  absorbed. 

Even  one  not  a  surgeon  can  see  what  an  enormous  dif- 
ference in  rapidity  of  healing  without  inflammation,  pain 
or  other  serious  disturbance  of  the  body  this  use  of  cat- 
gut with  immediate  total  closure  and  healing  of  the 

22.  Lister,  il,  93 ;  Lancet,  1869,  1,  451. 
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wound  provided.  Before  Lister,  the  old  ligatures  hang- 
ing out  in  bundles  were  always  inviting  infection,  sup- 
puration, erysipelas,  lockjaw,  blood-poisoning,  hospital 
gangrene  and  death.  No  patient  was  absolutely  safe 
till  the  wound  was  absolutely  healed  and  this  often 
required  weeks  or  months.  With  the  catgut  ligature, 
both  ends  being  cut  short,  the  wound  closed  at  once, 
and,  the  ligature  being  absorbed,  the  wound  healed 
in  less  than  a  week,  not  uncommonly  in  three  or  four 
days,  with  little,  if  any,  immediate  suffering  and  with- 
out any  ultimate  danger  of  those  many  serious  com- 
plications above  mentioned.  But  no  one  not  a  sur- 
geon can  appreciate  to  the  full  the  meaning  of  these 
brief  words.  While  the  patient  made  a  smooth  and 
speedy  recovery  without  complications,  the  surgeon  slept 
the  uninterrupted  sleep  of  the  just,  secure  against 
wearing  anxiety  on  account  of  sudden  hemorrhage  or 
insidious  infection.  The  heart-breaking  tragedies  which 
often  made  the  surgeon  wish  he  were  a  hod-carrier  or 
even  in  his  grave  are  now  but  specters  of  a  horrid  past. 

As  I  have  said,  we  had  no  idea  at  first  of  the  enormous 
variety  and  different  characters  of  the  germs.  In  his 
early  studies  on  putrefaction,  Lister  spoke  of  them  in  a 
general  way  as  "germs,^^  because  the  various  species  of 
plants  (for  they  are  plants  and  not  animalculae)  had  not 
been  distinguished.  Now  there  are  scores  and  even  hun- 
dreds of  known  varieties.  Many  of  these  simply  cause 
putrefaction  or  decomposition  and  are  not  in  themselves 
capable  of  giving  origin  to  any  particular  disease.  Other 
varieties,  each  one  of  which  causes  a  special  disease  and 
can  cause  no  other  disease,  have  been  isolated  and  iden- 
tified. Some  of  these  germs  cause  medical  diseases, 
with  which  I  have  nothing  to  do  here.  The  germs  of 
lockjaw,  tuberculosis,  anthrax  (wool  sorters'  disease), 
erysipelas,  glanders,  etc.,  are  among  the  most  virulent 
foes  with  which  the  surgeon  has  to  contend. 

How  have  these  been  identified  and  how  do  we  prevent 
their  entrance  into  the  system  of  the  patient?  The 
process  is  very  simple  to  describe,  but  very  complicated 
and  difficult  practically.  Let  us  take  the  case  of  lock- 
jaw for  instance.  A  peculiar  kind  of  germ,  looking  a 
good  deal  like  a  tack  with  a  straight  body  and  a  large 
head  at  one  end,  was  discovered  by  animal  experiments 
by  Nicolaier  in  earth  and  dust  in  1884.23     In  1889 

23.  Deutsch.  med.  Wchnschr.,  1884,  No.  52,  p.  842. 
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Kitasato,  the  Japanese  bacteriologist,^*  first  obtained  it 
in  pure  culture,  former  experimenters  having  failed 
because  they  did  not  know  that  it  only  grows  well  when 
oxygen  is  excluded. 

But  how  do  we  know  that  this  tack-like  germ  and  it 
alone  is  the  cause  of  lockjaw? 

First,  in  a  patient  ill  with  lockjaw,  this  particular 
bacillus  or  germ  must  be  discovered. 

Second,  a  pure  culture  of  it  must  be  produced ;  that  is 
to  say,  the  tetanus  bacillus  must  be  separated  from  all 
other  germs  and  cultivated  by  itself.  Third,  some  of 
this  pure  culture  of  tetanus  unmixed  with  any  other 
germs  whatever  must  be  injected  into  an  animal  to  see 
point-blank  whether  this  particular  bacillus  will  produce 
lockjaw.  Fourth,  from  the  body  of  this  animal  the  same 
genu  that  was  injected  must  be  recovered.  Fifth,  with 
a  pure  culture  of  this  recovered  bacillus  the  cycle  must 
be  begun  over  again  and  completed  sufficiently  fre- 
quently to  assure  the  experimenter  that  the  connection 
between  the  disease  and  the  germ  is  not  accidental,  but 
essential  and  invariable.  Sixth,  no  other  germ  used  in 
the  sajne  way  must  produce  lockjaw. 

In  this  same  manner  the  germs  that  produce  inflam- 
mation and  suppuration,  which  are  the  ever-present 
danger  to  the  surgeon,  have  been  identified,  and  also, 
what  is  equally  important,  the  places  where  they  and 
many  others  exist.  In  this  way  we  have  determined  the 
fact  that,  while  there  are  some  in  the  air,  they  are  few  in 
number  and  so  constitute  a  small  though  a  real  danger. 
But  the  places  where  they  are  found  and  are  most  dan- 
gerous are  on  the  skin  and  clothing  of  the  patient,  the 
hands  of  the  surgeon  and  especially  under  his  &iger 
nails  and  at  the  roots  of  his  nails,  on  instruments,  dress- 
ings, silk,  catgut,  and  other  things  used  for  ligatures; 
in  fact,  practically  every  material  that  one  can  think  of. 
We  know  now  how  all-pervading  they  are.  We  know, 
too,  that  phenol  (carbolic  acid),  corrosive  sublimate  and 
other  chemicals,  or  that  boiling  for  a  certain  time,  or 
heating  to  a  certain  degree  and  for  a  certain  time,  will 
kill  these  germs.  Thousands  of  such  painstaking 
researches  in  test-tubes  and  by  many  other  bacteriologic 
methods  have  been  carried  out  all  over  the  world  by  men 
either  wholly  unpaid,  working  for  the  love  of  truth  and 
love  of  their  fellow  creatures,  or  paid  but  meager  pit- 

24.  Deutsch.  med.  Wchnschr.,  1889,  No.  31. 
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tances.  Then  when  a  discovery  seems  to  have  been  made 
comes  the  needful,  the  finally  convincing,  the  unavoid- 
able experiment — in  a  living  body  itself.  The  only  ques- 
tion is  should  Lister  have  made  this  final  test  first  on  a 
horse  and  a  calf,  or  on  two  human  beings?  Can  any 
one  with  a  sane,  well-balanced  mind  hesitate  as  to  the 
answer  ? 

III.   THE  RESULTS 

The  results  of  the  establishment  of  the  antiseptic 
method  have  been  so  extraordinary  as  to  be  incredible 
were  it  not  for  ample  testimony  the  world  over.  They 
have  been  already  stated  in  part,  but  a  few  words  more 
must  be  added. 

At  present  before  an  operation  is  begun  the  patient's 
skin,  the  surgeons'  and  the  nurses'  hands  are  scrupu- 
lously disinfected,  sterile  gloves  are  usually  worn  and 
every  person  is  clothed  in  a  disinfected  gown.  The 
instruments,  dressings,  ligatures,  everything  that  is  to 
come  in  contact  with  the  wound,  is  carefully  disin- 
fected. Disinfected  gauze  "sponges"  are  used  once  and 
then  discarded. 

It  is  almost  impossible  for  any  one  not  a  surgeon  to 
understand  how  difiEerent  are  the  results  from  this  radi- 
cal change  of  methods.  No  change  of  climate  from 
fierce  mid-winter  storms  to  lovely  summer  breezes  or 
autumn  golden  harvest  could  be  greater.  Most  wounds 
now  heal  within  a  few  days,  one  might  almost  say  with- 
out the  patient's  being  sick.  Compound  fractures  and 
opened  joints  heal  as  if  there  had  been.no  break  in  the 
skin.  Arteries  can  be.  tied  anywhere  without  fear  of 
secondary  hemorrhage.  The  abdomen  is  now  fearlessly 
opened. 

A  woman  with  an  ovarian  tumor  no  longer  has  an 
operation  postponed  until  it  is  very  dangerous  but 
inevitable,  but  by  early  operation  is  relieved  almost  with- 
out danger,  even  from  tumors  so  large  as  to  weigh  twice 
as  much  as  the  patient  herself.  When  I  was  assistant  to 
Dr.  Washington  Atlee  in  the  late  sixties,  before  the  anti- 
septic period,  two  out  of  three  of  his  ovariotomy  patients 
died,  yet  he  was  the  then  most  famous  operator  in 
America.  Now  any  surgeon  who  loses  more  than  five 
out  of  100  is  looked  at  askance  by  his  colleagues,  and 
many,  many  hundreds  of  cases  have  been  operated  on 
with  a  mortality  falling  even  below  1  per  cent.  There 
is  not  an  organ  in  the  abdomen  that  has  not  been 
attacked;  organs  which  formerly  when  diseased  could 
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not  be  touched  because  death  was  almost  sure  to  follow 
are  now  operated  on  every  day.  In  fact  as  I  once 
described  it,  the  abdominal  cavity  is  almost  the  surgeon^s 
play-ground !  The  stomach,  the  intestines,  the  liver,  the 
gall  bladder,  the  pancreas,  the  spleen,  the  kidney,  every 
organ  is  operated  on,  and  with  extraordinary  success. 
Did  space  permit,  a  more  detailed  statement  could  be 
given,  but  it  could  scarcely  be  more  convincing. 

In  obstetrics  the  same  happy  results  have  followed  the 
introduction  of  the  antiseptic  method.  Puerperal  or 
child-bed  fever,  which  not  uncommonly  used  to  kill  one- 
half  or  two-thirds  or  even  three-fourths  of  the  women  in 
the  maternity  wards  of  a  hospital,  now  is  practically 
unknown  except  in  the  neglected  cases  brought  into  the 
hospital  at  a  late  date,  and  the  preantiseptic  general 
mortality  in  maternity  cases  has  been  reduced  from  10 
per  cent,  or  more  to  1  per  cent,  and  less.  Brain  tumors, 
abscesses  and  other  diseases  of  the  brain  formerly  inevit- 
ably caused  death,  for  we  never  dared  to  touch  them. 
Now  the  number  of  recoveries  is  very  large.  Compound 
fractures  now  have  a  mortality  of  2  or  1  per  cent,  or 
less,  instead  of  over  60  per  cent,  and  now  very  rarely 
require  amputation;  and  amputations  formerly  followed 
by  death  in  one-half  the  cases  have  a  mortality  of  10  per 
cent,  or  less.  In  general,  both  the  soldier  and  the  sailor 
are  provided  with  the  first  aid  packet,  which  contains  an 
antiseptic  dressing.  This  has  enormously  diminished 
the  mortality  of  wounds  received  in  battle. 

Perhaps  no  better  evidence  of  the  value  of  the  anti- 
septic method  in  civil  life  can  be  adduced  than  the 
results  in  three  hospitals.  In  Munich^^  the  General 
Hospital  was  excessively  unhealthy.  Blood  poisoning 
was  very  frequent  and  hospital  gangrene,  which  had 
appeared  in  1872,  had  become  annually  a  more  and  more 
frightful  scourge  until  1874,  when  80  per  cent,  of  all 
wounds  that  occurred  in  the  hospital,  whether  accidental 
or  inflicted  by  the  surgeon,  were  attacked  by  it !  At  the 
beginning  of  1875  Nussbaum  introduced  the  antiseptic 
treatment.  From  then  on  till  Lister's  visit,  presumably 
in  the  summer  of  1875,  not  one  single  case  of  hospital 
gangrene  had  occurred  and  only  one  case  of  blood  poison- 
ing, and  that  a  doubtful  one.  Erysipelas  was  rare  and 
mild  instead  of  being  very  prevalent  and  severe,  and  the 
convalescent  wards,  w^hich  formerly  had  been  filled  to 
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overflowing,  stood  practically  empty.  In  Halle,^®  Volk- 
mann  was  operating  in  an  extremely  unhealthy  hospital 
in  small,  overcrowded  wards,  with  the  toilet  rooms  open- 
ing directly  into  them  and  a  large  drain  running  directly 
underneath.  It  was  so  bad  that  it  had  been  condemned 
to  demolition.  After  his  introduction  of  the  antiseptic 
method  in  1872,  no  single  patient  sufiEering  from  com- 
pound fracture  in  which  conservative  treatment  was 
attained  had  died  either  from  the  fracture  or  from  a 
necessary  amputation,  nor  was  there  a  single  death  from 
secondary  hemorrhage  or  gangrene.  No  case  of  blood 
poisoning  had  occurred  for  a  year  and  a  half,  though  60 
amputations  had  been  done.  Hospital  gangrene  had 
entirely  disappeared  and  erysipelas  was  extremely  rare 
and  mild. 

Perhaps,  however,  the  most  extraordinary  success  was 
obtained  by  Lister^^  in  his  own  wards  in  Glasgow.  Lis- 
ter was  professor  of  surgery  in  Glasgow  from  March, 
1865,  till  the  autumn  of  1869,  but  in  that  brief  period 
he  introduced  measures  that  were  absolutely  revolution- 
ary. .  The  Eoyal  Hospital  in  Glasgow  was  overcrowded, 
and  in  some  parts  of  the  building  the  conditions  were 
so  frightful  that  the  wards  had  to  be  entirely  shut  up 
for  a  time.    Lister^s  own  account  of  this  is  interesting. 

He  says : 

« 

"A  crisis  of  this  kind  occurred  rather  more  than  two  years 
ago  in  the  other  male  accident  ward  on  the  ground  floor,  sepa- 
rated from  mine  merely  by  a  passage  twelve  feet  broad,  where 
the  mortality  became  so  excessive  as  to  lead,  not  only  to  clos- 
ing the  ward,  but  to  an  investigation  into  the  cause  of  the  evil, 
which  was  presumed  to  be  some  foul  drain.  An  excavation 
made  with  this  view  disclosed  a  state  of  things  which  seemed 
to  explain  sufficiently  the  unhealthiness  that  had  so  long 
remained  a  mystery.  A  few  inches  below  the  surface  of  the 
ground,  on  a  level  with  the  floors  of  the  two  lowest  male  acci- 
dent wards,  with  only  the  basement  area,  four  feet  wide,  inter- 
vening, was  found  the  uppermost  tier  of  a  multitude  of  cofi^s, 
which  had  been  placed  there  at  the  time  of  the  cholera  epi- 
demic of  1849,  the  corpses  having  undergone  so  little  change  in 
the  interval  that  the  clothes  they  had  on  at  the  time  of  their 
hurried  burial  were  plainly  distinguishable.  The  wonder  now 
was,  not  that  these  wards  on  the  ground  floor  had  been 
unhealthy,  but  that  they  had  not  been  absolutely  pestilential. 
Yet  at  the  very  time  when  this  shocking  disclosure  was  being 
made,  I  was  able  to  state,  in  an  address  which  I  delivered  to 
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the  meeting  of  the  British  Medical  Association  in  Dublin^, 
that  during  the  previous  nine  months,  in  which  the  antiseptic 
system  had  been  fairly  in  operation  in  my  wards,  not  a  single 
case  of  pyemia  [blood  poisoning],  erysipelas,  or  hospital  gan- 
grene had  occurred  in  them;  and  this,  be  it  remembered,  not 
only  in  the  presence  of  conditions  likely  to  be  pernicious,  but 
at  a  time  when  the  unhealthiness  of  other  parts  of  the  same 
building  was  attracting  the  serious  and  anxious  attention  of 
the  managers.  Supposing  it  justifiable  to  institute  an  experi- 
ment on  such  a  subject,  it  would  be  hardly  possible  to  devise 
one  more  conclusive. 

Having  discovered  this  monstrous  evil,  the  managers  at  once 
did  all  in  their  power  to  correct  it.  .  .  .  But  besides  having 
along  one  of  its  sides  the  place  of  sepulture  above  alluded  to, 
one  end  of  the  building  is  coterminous  with  the  old  cathedral 
churchyard,  ...  in  which  the  system  of  "pit  burial"  of 
paupers  has  hitherto  prevailed.  I  saw  one  of  the  pits  some 
time  since.  .  .  .  The  pit,  which  was  standing  open  for  the 
reception  of  the  next  corpse,  emitted  a  horrid  stench  on  the 
removal  of  some  loose  boards  from  its  mouth.  Its  walls  were 
formed  on  three  sides  of  coffins  piled  one  upon  another  in  four 
tiers,  with  the  lateral  interstices  between  them  filled  with 
human  bones,  the  coffins  reaching  up  to  within  a  few  inches  of 
the  surface  of  the  ground.  This  was  in  a  place  immediately 
adjoining  the  patients'  airing  ground,  and  a  few  yards  only 
from  the  windows  of  the  surgical  wards !  And  the  pit  which  I 
inspected  seems  to  have  been  only  one  of  many  similar  recep- 
tacles, for  the  Lancet  of  September  25  contains  a  statement, 
copied  from  one  of  the  Glasgow  newspapers,  that  "the  Dean  of 
Guild  is  said  to  have  computed  that  five  thousand  bodies  were 
lying  in  pits,  holding  eighty  each,  in  a  state  of  decomposition, 
around  the  infirmary." 

When  to  all  this  is  added  the  fact  that  the  large  fever 
hospital  was  separated  from  the  surgical  hospital  by  only 
eight  feet,  that  Lister's  hospital  of  nearly  600  beds  was 
cramped  in  area  and  almost  always  full  to  overflowing, 
and  that  he  was  operating,  it  might  almost  be  said,  in  a 
chamal  house,  yet  that  those  wards  were  continuously 
and  conspicuously  healthy  and  enjoyed  for  "three  years 
immunity  from  the  ordinary  evils  of  surgical  hospitals 
under  circumstances  which  but  for  the  antiseptic  system 
were  specially  calculated  to  produce  them,''^®  we  stand 
convinced  by  such  a  huge  unintentional  experiment  on 
man  himself. 

Were  not  results  such  as  these  sufficient  to  justify  the 
experiments  on  animals  as  related  by  Lister  himself  and 
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here  quoted,  by  which  such  blessed  relief  has  been 
brought  to  mankind  ? 

What  was  seen  in  Glasgow  has  occurred  all  over  the 
world.  The  surgical  revolution  of  the  last  thirty  years 
is  the  most  momentous  in  the  entire  history  of  surgery. 
In  every  science — chemistry,  engineering,  botany, 
physics,  electricity — the  era  of  precise  experiments  has 
been  the  era  when  enormous  and  constant  progress  has 
been  made.  Medicine  is  no  exception.  We  have  closely 
studied  disease  by  various  observational  methods,  and 
clinial  observation  for  two  thousand  years  had  slowly 
advanced  our  knowledge  up  to  a  certain  point.  Then 
experimental  research,  which  employed  methods  of  pre- 
cision, varying  conditions  at  will,  noting  the  different 
results,  and  multiplying  the  experiments  at  will  instead 
of  v/aiting,  it  might  even  be  years,  until  Nature^s  second 
experiment  occurred,  began  its  work;  and  in  the  past 
thirty  years  experimental  research  has  produced  a  more 
fruitful  harvest  of  good  to  animals  and  to  mankind  than 
the  clinical  observation  during  thirty  preceding  cen- 
turies. 

But  we  are  far  from  having  attained  perfection.  In 
medicine  and  in  surgery  many  problems  of  disease  and 
death  are  still  awaiting  solution  and  can  only  be  solved 
by  the  experimental  method.  A  number  of  organs  in 
the  body  are  as  yet  inaccessible  and  others  have  func- 
tions of  which  we  know  little  or  nothing.  Many  opera- 
tions ought  to  be  bettered  in  method  and  in  results. 
The  cause  of  many  diseases,  such  as  cancer,  scarlet  fever, 
measles,  whooping-cough,  etc.,  are  as  yet  unknown.  To 
dispel  all  this  ignorance  and  discover  a  cure  for  all  these 
and  other  diseases  is  the  earnest  wish  of  wise  and 
humane  experimenters  the  world  over.  Shall  the  com- 
munity aid  these  humane  life-saving  efforts,  or  shall 
they  by  restrictive  legislation  call  a  halt  and  let  death 
slay  our  fellow  creatures  and  especially  our  dear  chil- 
dren? The  answer  is  clear.  It  will  never  be  other  than 
an  emphatic  no  to  the  latter  cruel  course. 

1729  Chestnut  Street. 
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INTRODUCTION 

There  are  but  two  paths  along  which  the  advance  dt 
medical  science  and  art  can  be  pressed;  they  are  observa- 
tion and  experiment.  The  two  lead  to  the  same  goal; 
both  are  beset  with  difficulties  or  even  with  obstacles 
which  for  the  time  being  are,  or  may  even  forever  be,  in- 
surmountable. In  any  case  it  is  essential,  in  order  to  as- 
certain beyond  peradventure  that  either  of  the  paths  has 
led  us  to  our  goal,  to  show  that  the  two  lead  to  the  same 
place.  Still,  to  have  threaded  one  of  the  paths  success- 
fully usually  assures  an  easy  and  early  approach  by  way 
of  the  other.  Indeed,  the  opening  up  of  one  path  often 
leaves  the  finding  of  the  other  merely  the  matter  of  a 
single  trial.  When  this  is  the  case  we  are  apt  to  lose 
sight  of  the  fact  that  actually  the  goal  has  been  reached 
by.  an  advance  pressed  along  both  pathways. 

The  bearing  of  these  remarks  on  the  subject-matter 
of  this  paper  becomes  obvious  when  it  is  recalled  that  as 
subjects  of  observation  and  experiment  the  medical 
investigator  employs  both  man  and  the  lower  animals. 
The  method  of  pure  observation  may  be  employed  in  the 

• 

study  of  both,  whereas  man  can  be  employed  as  the  sub- 
ject of  an  experiment  only  with  his  full  knowledge  and 
consent  and  in  such  a  way  as  to  inflict  neither  bodily 
discomfort  nor  pain,  except  the  not  infrequent  instances 
in  which  the  experimenter  himself  serves  as  subject  of 
the  experiment.  But  experiments  of  the  kind  that  can 
be  made  by  the  experimenter  on  himself  are,  for  obvious 
reasons  limited  in  number.  There  remains,  then,^  a 
whole  host  of  experiments  that  must  be  performed  on  the 
lower  animals,  if  medical  knowledge  is  to  be  advanced. 
This  statement  is  true,  it  matters  not  what  view  we  may 
hold  as  to  the  justifiability  of  experiments  on  animals; 
it  is  nevertheless  called  into  question  by  certain  misin- 
formed or  misguided  persons  who  argue  that  experiments 


with  the  lower  animals  cannot  serve  to  throw  any  light 
on  the  functions,  either  normal  or  abnormal,  of  the 
organs  of  man.  This  objection,  though  imtenable  as  it 
stands,  contains  an '-'elemeAt-^^ truth.  It  is  true  that 
•jiiiferences,  based  on  animal  experipaent^,  as  to  the  fimc- 
4ion8  Df  the  organs  of  man  musj:,  be  carefully  guarded. 
•Wben^  however,  they  are  checked  by  critical  observatipii 
ol>  and  painless  experiment  on,  man,  inferences  from 
-ani^pa^  experiments  have,  w;e  believe,  led  lis  to  the  greiater 
^rt'of  bur  practical  medical  knowledge  and  the  part 
which  is  considered  the  ihost  valuable. 

^  Scientists,  then,  are  all  agreed  that  the  findings  of  the 
laboratory  must  be  in  full  accord  with  the  matured  con- 
tSusions  of  bedside  observation  if  they  are  to  be  entitled 
"to  enrolment  in  the  category  of  established  medical 
'truth.  Furthermore,  it  is  equally  true  that  bedside 
observation  can  lead  to  the  truth  only  when  it  is  checked 
T)y  experiment,  which  in  this  case  may,  however,  be  made 
for  us  by  ,th'e  slow  and  precarious  methods  employed  % 
ifature.  It  is  just  at  this  point  that  it  becomes  difficult 
to  determine  what  part  of  medical  advance  along  any  line 
i^  due  to  the  achievements  of.  thp  animal  experimenter 
and  what  part  to  keen  observation,  at  the  bedside, .  of 
experiments  performed,  by  disease  and  trauma.  However 
jthis  may  be,  all  who  are  in  a  position  to  know  are  of  the 
.j^inion  that  they  are  mutually  helpful. 
.  Indeed,  they  are  mutually  helpful  in  more  ways  than 
one.  A  very  large  part  of-  the  best  clinical  observation 
has  been,  and  is  being,  made  by  clinicians  who  have  ha^ 
the  opportunity  of  witnessing  and  performing  animal 
experhnents  during  their ,  student  days,  or  who  have 
actually  been  engaged  in  research  involving  animal 
experimentation.  The  fruit  of  clinical  observation  natu- 
rally depends  very  largely  on  the  attitude  of  mind  which 
the  clinician  brings  to  bear  on  his  cases.  Our  system  of 
medical  training  recognizes  this  fact  in  reqxiiring  that 
the  student  be  given  every  opportunity  in  the  laboratory 


to  develop  the  critical  way  of  contemplating  things  that 
must  be  employed  when  interrogating  Nature. 

It  is  not  merely  a  coincidence  that  the  periods  of  most 
rapid  medical  progress  (Hippocratic,  Alexandrian, 
Galenic  and  modern)  have  also  been  the  periods  of  great- 
est activity  in  the  pursuit  of  animal  experimentation  or 
its  equivalent.  Furthermore^  it  has  not  been  merely  a 
matter  of  chance  that  in  each  of  these  periods  the  most 
highly  esteemed  men  (Hippocrates,  Erasistratus,  Galen, 
Harvey)  were  at  one  and  the  same  time  practitioners  of 
medicine  and  animal  experimenters^  actually  or  in  eiffect ; 
and  that  at  least  two  of  them  (Hippocrates  and  Galen) 
were  the  greatest  clinicians  of  their  times  as  well  as  the 
authorities  of  clinicians  for  centuries  after  them. 

They  were  the  authorities  not  alone  in  the  particular 
fields  in  which  they  had  conducted  animal  experiments, 
but,  as  a  matter  of  fact,  in  every  field  of  medicine.  Is  it 
not,  therefore,  permissible  to  assume  that  the  relatively 
small  number  of  experiments,  for  the  performance  of 
which  they  managed  to  snatch  a  few  moments  here  and 
there  from  their  clinical  activities,  gave  to  them  the 
attitude  of  mind  that  made  them  the  fountain-heads  of 
all  medical  knowledge  during  the  long  periods  of  medical 
aridity  that  succeeded  them? 

In  order,  then,  to  give  a  just  valuation  to  the  debt 
which  the  physician  of  to-day  owes  to  animal  experimen- 
tation, account  must  be  taken,  not  only  of  the  results 
capable  of  more  or  less  direct  application  to  the  practice 
of  medicine,  but  also  of  such  observations  and  experi- 
ments on  man  as  are  stimulated  by  experiments  on  ani- 
mals and  of  the  attitude  of  mind  of  the  physician  toward 
his  patient  determined  by  the  scientific,  and  therefore 
critical,  atmosphere  surrounding  his  activities. 
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IN   THREE  PARTS 

/.  THE    DISCOVERY    OF    THE    CIRCULATION 

The  story  of  the  discovery  of  the  circulation  of  the 
blood  has  been  so  frequently  told  that  it  will  not  be 
necessary  to  review  it  here  in  any  great  detail.  Indeed, 
my  only  reason  for  relating  it  at  all  is  to  attempt  to  show 
the  part  played  by  animal  experimentation  in  its  unfold- 
ing. The  limited  scope  of  this  paper  compels  me  to  con- 
fine myself  to  the  most  important  phases  of,  and  contri- 
butions to,  the  subject. 

The  earliest  recorded  views  on  the  physiology  of  the 
blood-vessel  system  that  are  entitled  to  serious  con- 
sideration are  those  of  Hippocrates.  There  seems  to  be 
no  good  reason  for  believing  that  Hippocrates  actually 
performed  carefully  planned  experiments  on  animals. 
The  statement  is,  however,  made^  that  Hippocrates  (the 
name  stands  for  a  period  rather  than  an  individual) 
probably  acquired  his  knowledge,  among  other  ways, 
through  observation  of  votive  ojfferings,  of  slaughtered 
animals,  and  of  injuries  received  in  war  and  peace. 
These  are  tantamount  to  animal  experiments;  they  are 
chance  operations  on  living  animals.  Such  slow  and 
uncertain  methods  of  acquiring  knowledge  must,  how- 
ever, have  led  to  the  development  of  a  far  from  perfect 
theoretical  scheme  of  the  blood-vessel  system.  I  call 
attention  here  only  to  his  observation  of  pulsation  in  the 
aorta  and  pulmonary  artery  with  the  obvious  comment 

1.  Neuburger  and  Pagel :  Handbuch  der  Geschichte  der  Medizin, 
Jena,  1902-5,  i,  236. 


that  this  phenomenon  could  have  been  revealed  only  by 
viewing  the  artery  exposed  in  the  living  animal. 

Whether  Aristotle  performed  experiments  on  animals 
seems  to  be  a  matter  of  dispute.^  In  any  event,  however, 
his  views  are  probably  mainly  the  outcome  of  reflection 
based  on  dissection  and  the  accumulated  knowledge  of  his 
time.  And  in  many  respects,  it  might  be  added,  Hip- 
pocrates was  nearer  to  the  truth  than  Aristotle. 

The  contribution  of  Praxagoras  to  the  physiology  of 
the  blood-vessel  organs  consisted  in  drawing  more  clearly 
than  had  Hippocrates  the  distinction  between  the  arteries 
and  veins,  and  in  showing  that  "the  phenomenon  of  pul- 
sation, previously  regarded  as  a  common  attribute  of  arte- 
ries and  veins,  really  belonged  only  to  the  arteries.  .  .  . 
They  were,  furthermore,  distinguished  by  the  nature  of 
their  contents;  for,  while  the  veins  were  still  considered 
as  receptacles  for  blood,  the  arteries,  according  to  the 
new  view,  contained  no  blood,  nor  any  liquid  material, 
but  only  an  invisible  gas  or  air.^'^ 

I  have  not  succeeded  in  discovering  the  source  of 
Praxagoras^  views  on  the  pulse;  it  is,  however,  evident 
that  they  could  have  arisen  only  from  experiments  or 
chance  observation  on  living  man  or  animals.  His  erro- 
neous conclusions  that  arteries  contained  air  must  have 
been  drawn  from  observations  on  dead,  not  on  living 
animals. 

The  next  important  contributions  to  the  physiology  of 
the  blood-vessel  organs  seem  to  have  been  made  by  Erasis- 
tratus.  They  were  based  on  experiments  on  animals*  and 
on  dissection  of  the  human  body.  He  seems  to  have  been 
unduly  influenced  by  the  views  of  Praxagoras :  the  veins 
still  contain  nourishing  blood,  the  arteries  "vital  spirits." 
Experimentation,  however,  forced  him  to  proceed  one 
step  in  advance  of  the  views  then  held  and  admit  the 
existence  of  "synanastomoses"  of  the  arteries  and  veins, 
which,  however,  allowed  blood  to  pass  into  the  arteries 
only  under  abnormal  circumstances,  as  in  plethora  and 
when  an  artery  is  opened. 

Erasistratus  also  describes  accurately  "all  of  the  car- 
diac valves  and  their  action.     According  to  him,  they 

2.  Nicolai:  In  Nagel's  Handbuch  der  Physlologie,  Branswick, 
1909,  1,  674 ;  and  in  Neuburger  and  Pagel  Vol.  1. 

3.  Dalton :  History  of  the  Circulation,  p.  38. 

4.  Nagel :  Handbuch  der  Physlologie,  p.  674. 


provide  the  mechanism  by  which  the  heart  alternately 
takes  in  and  expels  blood  on  the  right  side  and  pneuma 
on  the  left.'" 


I  ol  the  circnlittlon  (Nlcolal)  ; 
(modlSed)  ;  (b)  Bccordlug  to  Galeo  (n 
BhHded  ;  arteries  heavily  contoured  ;  t 


a)  according  to  Harrer 
oaBtmcted).  Heart-wall 
doubly  contoured ;  capll- 


There  now  occurs  a  gap  of  almost  500  years  in  the 
progiesB  of  medical  science  and  art,  and  there  seems  to 
S.  Dalton :  Hbtory  of  the  drcnIatlOD,  p.  ST. 
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be  no  evidence  that  careful  animal  experiments  were 
made  during  this  interval.  The  gap  is  closed  by  the 
activities  of  practically  a  single  individual,  Qalen, 
through  whose  animal  experiments,  coupled  with  keen 
clinical  observation,  the  physiology  of  the  blood-vessel 
system  was  advanced  another  step. 

Galen's  main  contribution  to  this  subject  consists  of 
the  proof  that  the  arteries  contain  blood  and  not  pneuma. 
Two  experiments  are  offered  as  proof  of  this  fact : 

1.  "Expose  an  artery  of  a  living  animal.  Then  open 
it  by  applying  to  it,  as  you  choose,  either  the  point  of  a 
writing  style,  a  needle,  a  slender  scalpel,  or  any  similar 
instrument  that  will  make  a  narrow  cut.  Blood  will  at 
once  exude.  The  artery,  then,  must  have  contained 
blood  and  not  pneuma. 

2.  "The  artery  of  a  living  animal  is  exposed  by  dissec- 
tion, and,  after  isolating  it  with  a  cord  on  two  sides  and 
then  opening  it  in  the  middle,  we  showed  it  to  be  full  of 
blood.''« 

Galen's  conception  of  the  blood-vessel  system  is  very 
well  illustrated  in  the  accompanying  diagrams.  The 
nutriment  taken  up  from  the  alimentary  canal  is  con- 
verted into  blood  in  the  liver.  Thence  it  is  conveyed 
by  the  veins  to  all  parts  of  the  body,  including  the  lungs 
(through  the  pulmonary  artery),  for  the  purpose  of 
nourishing  them.  "The  venous  blood  was  dark,  thick^ 
and  rich  in  the  grosser  elements  of  nutritive  material.'' 
Frm  the  air  carried  through  the  pulmonary  vein  to  the 
left  ventricle  from  the  lungs  the  vital  spirits  were 
extracted  and  added  to  the  blood.^  Or,  according 
to  another  account,®  the  blood,  traveling  back  and  forth 
in  the  pulmonary  vein,  transported  the  pneuma  from  the 
lungs  to  the  left  ventricle.  "The  arterial  blood  (then) 
was  thinner,  warmer,  bright-colored  and,  above  all,  spir- 
ituous." "As  every  organ  is  supplied  with  both  arteries 
and  veins,  it  can  absorb  each  kind  of  nutriment  in  due 
proportion  for  its  own  needs."  "The  pulse  was  due  to  a 
'pulsatile  force'  resident  in  the  walls  of  the  artery,  but 
derived  by  them  from  the  heart,  in  which  it  also  existed. 
This  was  a  force  of  active  expansion,  dilating  the  artery 
and  attracting  fluids  into  its  cavity ;  while  its  subsequent 
contraction  caused  an  expulsion  of  its  contents  in  the 

6.  Galen  :  Quoted  by  Dalton,  p.  72. 

7.  Dalton :  History  of  the  Circulation,  p.  77. 

8.  Nagel :  Handbuch  der  Physiologie,  p.  675. 
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same  degree.  Thus  the  diastole  of  the  artery  was  an 
active,  and  its  systole  a  passive  movement/'^ 

These  views  of  the  blood-vessel  system  prevailed  until 
the  Renaissance.  At  this  time  the  dissection  of  the 
human  body,  which  previously  had  been  forbidden^  led 
anatomists  first  to  question  some  of  the  Galenic  physio- 
logic doctrines  and  then  to  seek  the  answers  in  the  living 
animal.  Thus  was  animal  experimentation  revived  after 
a  1,200  years'  sleep  which  began  with  Galen's  death. 

Vesalius,  the  father  of  anatomy,  showed  experimen- 
tally that  the  pulse  was  not  dependent  on  the  uninter- 
rupted connection  of  the  walls  of  the  arteries  with  the 
heart,  as  Galen  had  maintained,  since  the  peripheral 
part  of  a  severed  artery,  connected  with  the  heart  by 
means  of  a  cannula,  still  continued  to  beat.^® 

The  next  step  was  the  refutation  of  the  view  handed 
down  from  the  earliest  times  that  the  blood  passed 
through  the  ventricular  septum  from  the  right  to  the 
left  side,  and  the  substitution  in  its  place  of  the  idea 
of  the  lesser  circulation.  Servetus^  religious  reformer 
and  physician,  was  the  first  to  surmise  this  course  of  the 
blood  from  the  right  to  the  left  ventricle.  In  a  book 
entitled  "Christianismi  Restitutio,"  dealing  almost 
exclusively  with  questions  of  religion,  there  is  inserted  a 
strikingly  clear  description  of  the  pulmonary  circula- 
tion. No  mention  is  made  of  animal  experiments,  and 
it  is  usually  stated^^  that  S'ervetus  jumped  to  the  con- 
clusion which  Realdus  Columbus  subsequently  proved 
by  means  of  experiments  on  animals  and  probably  in 
complete  ignorance  of  the  views  of  Servetus  on  the 
subject.^2  It  should  not  be  forgotten,  however,  that 
Servetus'  argument  was  based  on  the  then  known  physi- 
ology of  the  circulation,  which  was  the  result  of  animal 
experimentation.  In  his  experiments  Columbus  "always 
found  the  arteria  venalis  (pulmonary  vein)  containing 
no  air,  but  full  of  arterial  blood  and  yet  not  pulsating.^* 
Columbus,  it  might  be  added,  was  thoroughly  imbued 
with  the  importance  of  animal  experiments  in  the  eluci- 
dation of  the  functions  of  the  blood-vessel  system.  "One 
learns  more  in  a  day  from  the  vivisection  of  a  dog,"  he 

9.  Dalton:  History  of  the  Circulation,  p.  78. 

10.  Nagel :  Handbuch  der  Physiologic,   p.  677. 

11.  Dalton :  History  of  the  Circulation,  p.  122. 

12.  Luciani :  Lehrbuch  der  Physlologle,  German  Edition,  1905.  i. 

13.  Dalton:  History  of  the  Circulation,  p.  129. 
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says,  "than  from  feeling  the  pulse  or  from  reading 
Galen  for  months."^* 

There  seems  to  be  some  difference  of  opinion  as  to 
whether  Caesalpinns  is  to  be  credited  with  making  any 
contribution  of  real  value  to  our  knowledge  of  the  blood- 
vessel system.  Whereas,  Dalton,^*^  on  the  one  hand, 
maintains  that  the  main  purpose  of  Caesalpinus  was  "to 
defend  the  physiologic  ideas  of  Aristotle  as  against 
Galen,  rather  than  to  carry  the  doctrine  of  either  to  a 
further  development,^^^®  Foster  and  the  Italian  authors,^^ 
on  the  other,  concede  to  Caesalpinus  the  recognition  not 
alone  of  the  true  action  of  the  heart-valves  and  the  pul- 
monary circulation,  but  also  of  the  fact  that  "the  flow 
of  blood  to  the  tissues  took  place  by  the  arteries  and  by 
the  arteries  alone,  and  that  ttie  return  of  the  blood  from 
the  tissues  took  place  by  the  veins  and  not  by  the  arte- 
ries/^ And,  whereas,  Boruttau^®  states  that  Caesalpinus 
did  not  clearly  understand  the  greater  circulation— the 
transit  of  the  blood  from  the  arteries  to  the  right  heart 
through  the  veins — Luciani  quotes  the  following  experi- 
ment as  showing  that  Caesalpinus  had  thoroughly  masr 
tered  the  conception  of  the  circulation  of  the  blood: 
"He  [Caesalpinus]  observed  that  if  in  a  living  animal  a 
vein  be  exposed,  tied  and  shortly  thereafter  cut  into  on 
the  capillary  side  of  the  ligature,  the  first  blood  to 
exude  is  of  a  dark  color,  while  that  coming  later  is 
lighter.  This  observation  led  him  to  assume  the  exist- 
ence of  anastomoses  between  the  arteries  and  the 
veins."^® 

In  view  of  the  difference  of  opinion  in  regard  to  the 
value  of  the  contributions  of  Caesalpinus,  we  may  be 
justified  in  •  concluding  that,  whatever  his  views  may 
have  been,  they  could  not  have  been  clearly  and  con- 
sistently stated.  Possibly  it  was  for  this  very  reason 
that  the  doctrines  of  Caesalpinus  made  no  impression  on 
his  contemporaries.  It  would  appear  that  little  heed 
"was  paid  to  them  until  they  were  disinterred,  so  to 
speak,  by  antiquarian  research."^® 

14.  Neuburger  and  Pagel :  Handbuch  der  Geschichte  der  Medizln, 
p.  27. 

15.  Dalton;  History  of  the  Circulation,  p.  147. 

16.  Foster :  History  of  Physiologic,  p.  35. 

17.  Luciani :  Lehrbuch  der  Physlologle,  1905,  1. 

18.  Neuburger  and  Pagel :  Handbuch  der  Geschlchte  der  Medlsin, 
ii    332. 

*19.  Luciani:   Lehrbuch   der  Physlologle,   1905,   1,   122. 
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How  different  the  receptioh  Accorded  Hjlrvey's  tract, 
"On  the  Motion  of  the  Heart  and,  Blood  in  Animals!" 
Whereas  no  notice  had  been  taken  of  the  view^  of 
Caesaipinus  in  fifty-seven  years,  i.  e.,  up  to  and  after 
the  time  Harvey  had  committed  himself  in  print,  before 
sixteen  years  had  elapsed  Harvey^s  views  had  been  Ob- 
jected to  published  criticism,  both  favorable  and  unfa- 
vorable. The  unfavorable  criticism^  it  should  be  added, 
came,  not  from  experimenters,  but  mainlyy  if  not  exclu- 
sively, from  clinicians  who,  through  fear  that  the  new 
doctrine  would  wreck  completely  the  fabric  of  medicine 
as  then  practiced,  unwisely  considered  it  better  to  bolster 
up  the  tottering  structure. with  the  old  views  than  to 
rebuild  it  on  the  firmer  foundation  of  animal  experimen- 
tation. Those  who  then  and  since  have  put  Harvey^s 
viewQ  to  the  test  of  expexinient  have  succeeded  in  sub- 
stantiating him  in  all  but  a  few  minor  details.  The 
reason  for  the  stability  of  Harvey^s  views  may.  be 
gleaned  from  the  well-known  introductory  words  to  ,the 
tract  which  laid  the  fbundiation  of  modern  experimental 
medicine: 

When  I  first  gave  my  mind  to,  vivisections,  as  a  means  of 
discovering  the  motions  and  uses  Qf  the  heart,  and  sought  to 
discover  these  from  actual  inspection,  and  not  from  the  writings 
6f  others,  I  found  the  task  so  truly  arduous,  so  full  of  difiSicul- 
ties,  that  I  was  almost  tcimpted  to  think  with  Fracastoriud, 
that  the  motion  of  the  heart  was*  only  to  be  comprehended 'hy 
Grod.  ...  At  length,  and  by  using  greater  and  daily  diligence 
and  investigation,  making  frequent  inspection  of  many  *  and 
various  animals,  and  collating  numerous  observations,  J 
thought  that  I  had  attained  to  the  truth,  that  I  should  extri- 
cate myself  and  escape  from  this  labyrinth,  and  that  I  had  dis- 
covered what  I  so  much  desired,  both  the  motion  and  the  usfe 
of  the  heart  and  arteries.  Frbm  that  time  I  have  not  hesi-'- 
tated  to  expose  my  views  on  these  subjects.^  . 

With  the  appearance  of  Harvey's  work,  the  blood- 
vessel system,  with  at  best  imperfectly  understood  func- 
tions, becomes  known  to  the  world  as  the  circulatory 
system^  a  term  that  stands  at  one  and  the  same  time 
for  a  system  of  organs  and  the  mechanism  thereof. 

Harvey's  demonstration  of  the  circulation  of  the 
blood  was  incomplete ;  he  had  to  assume  the  existence  of 
"porosities  of  the  flesh''  in  order  to  account  for  the 
pafisiage  of  the  blood  from  the  arteries  to  the  veins. 
Four  years  after  Harvey's  death,  however  (1661),  the 

20.  Harvey:  De  Motu  Cordis.  1628;  transl.  by  Willis. 
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missing  link  was  supplied  by  Malpighi,  at  one  and  the 
same  time  physician,  anatomist,  physiologist,  histologist 
and  the  founder  of  scientific  pathology.  With  the  aid  of 
the  microscope,  Malpighi  succeeded  in  following  in  the 
lung  of  the  living  frog  the  course  of  the  blood  from  the 
arteries  through  the  capillaries  into  the  veins,  ^^so  that," 
to  use  Malpighi,'s  words,  "the  circulation  of  the  blood  is 
evidently  exhibited."^^ 

Thus,  in  barest  outline,  was  the  fundamental  action 
of  the  blood-vascular  system  determined.  The  necessary 
facts,  it  has  been  seen,  were  gathered  from  all  sources; 
the  most  important  and  decisive  ones,  however,  were  all 
the  outcome  of  experiments  on  animals.  Inferences 
from  structure  were  made  by  all  investigators;  but, 
unsupported  by  experiment,  they  failed,  even  in  the 
hands  of  Harvey,  to  lead  to  the  truth.  Nor  could  the 
case  have  been  otherwise;  a  new  mechanism,  to  be 
understood,  must  be  seen  and  studied  while  in  action. 

The  discovery  and  demonstration  of  the  circulation  of 
the  blood  ends  the  first  phase  of  the  physiology  of  the 
blood-vascular  system  and  begins  the  second.  With 
this  second  phase  the .  physiologists  of  to-day  are  still 
concerned;  it  has  to  do  with  the  elaboration  of  the 
details  of  the  circulation.  The  limits  of  this  paper 
make  it  impossible  even  to  enumerate  the  lines  along 
which  the  investigations  have  been  carried,  were  the  list 
to  include  only  those  of  direct  practical  significance, 
and  those  in  which  animal  experimentation  has  played 
a  part.  For  the  purpose  of  recalling  to  the  mind  of  the 
reader  some  of  the  more  important  results  of  this  activ- 
ity, mention  may,  however,  be  made  of  the  discovery  of 
the  automatic  action  of  the  heart,  its  regulation  through 
the  inhibitory  and  acceleratory  nerves,  of  the  vasomotor 
mechanism;  of  the  nieasurement  of  the  blood-pressure 
and  blood- velocity,  of  the  origin  and  transmission  of  the 
pulse  as  a  wave,  of  the  cause  of  the  heart  sounds,  of  the 
survival  of  organs  with  artificially  maintained  circula- 
tion, etc.  Reference  will  be  made  in  Parts  II  and  III 
of  this  paper  to  the  practical  bearings  of  these  and  of 
many  other  contributions.^^ 

21.  Dal  ton  :  History  of  the  Circulation,  p.  224. 

22.  It  will  be  quite  impossible  to  give  full  credit  to  all  investiga- 
tors in  the  fields  referred  to.  Nor  am  I  sanguine  enough  to  believe 
that  I  have  succeeded  in  my  attempt  to  mention  the  first  workers 
who  have  called  the  attention  of  the  scientific  and  medical  world 
to  the  subjects  to  be  discussed. 


II.  MODERN   VIEWS  OF  AND   METHODS  OF  STUDYING 
DISEASES  OF  THE  CIRCULATION 

In  Part  I  of  this  paper  the  attempt  has  been  made  to 
present  in  the  briefest  possible  form  the  fact  that  we 
owe  our  knowledge  of  the  circulation  primarily  to  ani- 
mal experimentation.  This  paper  has  been  written  for 
the  purpose  of  showing  the  practical  beiarings  of  the 
knowledge  so  gained  on  our  understanding  of  certain 
phases  of  human  pathology. 

There  could  be  no  more  emphatic  way  of  bringing  home 
to  the  practicing  physician  the  practical  results,. so  far 
as  the  cardiovascular  system  is  concerned,  that  have 
accrued  through  the  application  to  human  pathology  of 
the  results  of  experiments  on  animals  than  to  transcribe 
in  full  for  his  consideration  the  parts  dealing  with  dis- 
ease of  the  blood-vessel  system,  first,  from  some  work 
that  was  standard  before  the  Kenaissance,  i.  e.,  before 
the  importance  of  animal  experimentation  was  fully 
realized,  and,  secondly,  from  a  work  that  is  standard 
to-day,  calling  attention  to  the  differences  between  them 
and  indicating  how  far  such  differences  are  due  more  or 
less  directly  to  experiments  on  animals.  Unfortunately, 
however,  the  limited  scope  of  this  paper  precludes  the 
full  treatment  of  the  subject  in  this  way.  I  must,  there- 
fore, content  myself  for  the  present  with  brief  extracts 
and  discussions  which,  it  is  hoped,  will  furnish  the 
reader  material  about  which  he  may  group  his  own  ideas 
on  the  subject.  It  should  be  added  that  the  extracts 
given  below  have  not  been  selected  at  random,  but  only 
after  careful  consideration  and  as  representing  the  views 
which,  in  my  opinion,  are  in  closest  accord  with  those  of 
the  most  enlightened  thought  of  the  time. 

I  select  as  the  work  from  which  to  quote  the  views 
held  prior  to  the  revival  of  learning,  "The  Seven  Books 
of  Paulus  -^gineta  with  a  Commentary  Embracing  a 
Complete  View  of  the  Knowledge  Possessed  by  the 
Greeks,  Eomans,  and  Arabians  on  all  Subjects  Con- 
nected with  Medicine  and  Surgery,''^  which  dates  from 
the  seventh  century.  This  work  has  been  selected,  first, 
because  of  its  accessibility,   and,   secondly,  because  it 

1.  Transl.  by  Adams,  London,  1844. 
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purports  to  be  a  more  or  less  complete  compendium  of 
the  then  known  medicine. 

The  section  on  the  heart  is  brief  and  may  be  quoted 
practically  without  abbreviation : 

When  the  heart  itself  is  primarily  affected,  the  case  is  far 
beyond  all  medical  aid,  occasioning  sudden  death;  and  also  in 
the  inflammations  and  erysipelas  of  it,  strong  distempers  in 
very  acute  fevers,  and  hemorrhages  when  it  is  wounded,  espe- 
cially in  the  left  ventricle.  When  it  is  affected  sympathet* 
ically  with  the  brain,  the  liver,  the  orifice  of  the  stomach,  and 
from  sorrow,  fear,  and  many  other  causes,  it  brings  on  the 
affection  called  syncope,  being  a  sudden  collapse  of  the  vital 
powers,  indicated  by  prostration  of  strength,  delinquium  animi, 
a  small  pulse,  coldness  of  the  extremities  and  copious  perspira- 
tion. When  this  affection  is  of  a  violent  nature,  it  also  is 
irremediable;  but  if  the  strength  stands  out,  it  may  sometimes 
be  relieved.  But  strong  palpitations  of  the  heart  often  arise 
from  a  fulness  or  effervescence  of  its  blood.  When,  therefore, 
the  heart  is  overheated,  it  renders  the  respiration  large  and 
dense,  but  when  it  is  too  cold,  the  respiration  is  small  and 
rare.  The  complete  cure  of  syncope  of  the  heart,  when  it  occurs 
among  the  symptoms  of  f6ver,  we  have  treated  in  the  Second 
Book.  This  only  may  be  added,  that  when  collapse  gains 
ground  after  friction  and  ointments  have  been  applied  to  the 
extremities,  and  after  purification  of  the  floor,  and  other  coor- 
ing  means,  we  must  sprinkle  on  the  parts  of  the  body  which 
are  sweating  powdered  myrtle,  limolian  earth,  or  amber^  or 
pomegranate-rind  with  marena,  or  Samian  earth  with  .^m ; 
and  cataplasms  of  mustard  or  pellitory,  adarce,  are  to  be 
applied  to  the  cold  extremities,  as  far  as  to  the  groins  and  arm- 
pits. The  food  should  be  bread  out  of  water,  or  out  of  cold 
diluted  wine,  swine's  feet  and  joints  and  snout,  and  fowls;  all 
things  to  be  given  in  a  cold  state.  .  .  ? 

Under  the  topic  of  "palpitation  of  the  heart'^  there  is 
found  the  following  interesting  passage : 

"I  knew  a  certain  person,"  says  Galen,  "who  suffered  an 
attack  of  palpitation  of  the  heart  every  year  in  the  season  of 
spring.  Wherefore,  having  for  three  years  experienced  benefit 
from  venesection,  in  the  fourth  he  anticipated  the  attack  by 
getting  bled,  and  so  escaped  from  it,  and  did  so  for  many  years 
afterwards,  using  at  the  same  time  a  suitable  diet.  And  yet 
even  he  died  before  attaining  old  age,  as  every  other  person  in 
this  complaint  does,  some  being  suddenly  cut  off  in  acute  fevers 
by  syncope;  but  some  of  them  without  syncope,  being  unex- 
pectedly deprived  of  life,  as  if  by  apoplexy.  The  majority  of 
those  who  are  thus  affected  do  not  reach  the  fiftieth  year  of 

age,  but  pass  the  fortieth." 

■ 

2.  Paul  of  JEglna :  Seven  Books     .     .     .     ,  I,  501. 
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Finally  tiie  ideas  held  by  Paxil  of  -^gina  in  regard  to 
dropsy  are  set  forth  in  the  following  passage : 

Where  the  liver  is  greatly  congealed,  sometimes  primarily, 
as  when  it  has  been  inflamed,  indurated,  or  otherwise  affected, 
or  when  from  sympathy  with  other  parts  the  process  of  sanguini- 
fication  ceases,  and  the  affection  is  called  dropsy.  .  .  .  But,  for 
the  most  part,  it  arises  from  hardness  and  scirrhus  about  the 
spleen  and  liver,  and  from  chronic  deflexions  about  the  intes- 
tines; whereby  it  happens  that  the  belly  is  swelled,  while  the 
rest  of  the  body  is  melted  owing  to  its  not  being  nourished. 
.  .  .  Sometimes  throughout  the  whole  body  a  colder  and  more 
pituitous  blood  is  collected,  either  coming  from  the  liver,  or 
deriving  its  origin  from  a  melting  down  of  the  flesh  of  the 
whole  body,  which  is  as  it  were  converted  into  water.  ...  In 
treating  these  complaints,  we  commence  generally  with  evacu- 
ation; but  in  ascites  and  tympanites  it  is  by  administering 
hydragogue  medicine;  and  in  anasarca  by  blood-letting.  .  .  . 
When  those  who  have  ascites  are  not  benefited  by  any  of  the 
remedies  already  described,  we  must  have  recourse  to  para- 
centesis, which  does  not  apply  to  any  of  the  other  varieties  of 
dropsy.* 

The  quotations  cited  above  show  that  the  theory  and 
practice  of  the  time  of  Paul  of  ^gina,  which  are  not 
to  be  scojGfed  at,  are  based  on  the  physiology  of  Galen, 
who,  by  some,  is  considered  the  founder  of  physiologic 
experiments,  carefully  planned  and  executed.*  It  will 
do  no  harm  to  call  attention  again  to  the  fact  that  the 
first  careful  experimenter,  and  the  last  to  experiment 
prior  to  the  Renaissance,  was  the  authority  of  all  prac- 
titioners through  the  long  period  of  the  dark  and  middle 
ages.  And,  it  may  be  added,  that  so  far  as  Galen's  fol- 
lowers expounded  views  that  were  the  result  of  experi- 
ments on  animals,  just  so  far  were  they  indebted  to  ani- 
mal experimentation  for  their  clinical  knowledge.  It 
would  carry  me  too  far  afield  to  attempt  a  detailed 
exposition  of  this  dependence. 

Nor  is  the  modern  practitioner  any  less  dependent  on 
the  results  of  animal  experimentation  than  were  his 
predecessors. 

The  problem  for  a  physician  to  solve  when  confronted  with  a 
<jase  of  circulatory  disease  is,  which  of  the  many  factors  in 
the  maintenance  of  the  circulation  are  at  fault?  .  .  .  The 
factors  in  the  normal  maintenance  of  the  circulation  are:  an 
•efficient    myocardium    with    a    sound    directing    innervation, 

3.  Paul  of  ^gina :  Seven  Books     .     .     .     ,  i,  569. 

4.  Neuburger  and  Pagel :  Handbuch  der  Geschichte  de  Medlzln, 
t.  672. 
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efficient  and  unobstructing  valves  at  the  atrioventricular  and 
arterial  orifices,  an  aorta  and  branches  of  suitable  caliber  with 
elastic  walls." 

The  part  that  animal  experimentation  has  played  in 
determining  this  problem  may  be  made  clear  by  para- 
phrasing it  to  suit  our  purposes,  thus:  The  animal 
experiments  of  Harvey,  Malpighi  and  others  have  dem- 
onstrated that  in  animals  the  blood  is  propelled  through 
the  blood-vessels  in  a  circle  through  the  pump-like 
action  of  the  heart,  whose  active  tissue  consists  of  mus- 

t  cle  (experiments  of  Harvey,®  Stenson^  and  Borelli*), 
not  of  parenchyma.®  Clinical  experience,  viewed  in  the 
light  of  Harvey^s  experiments,  has  shown  that  in  man, 
too,  the  blood  circulates.  In  disease  of  the  cardiovascu- 
lar system  the  circulatory  mechanism  does  not  work 
properly.  What  is  at  fault  ?  It  may  be  Harvey's  force- 
pump,  not  the  (mainly)  suction-pump  of  the  earlier 
writers.  The  pump  may  fail  to  work  efficiently  through 
unfavorable  action  of  the  nerves  which  regulate  its 
movements.  That  the  nerves  of  the  heart  do  not  deter- 
mine its  action  was  demonstrated  by  the  experiments  of 
Haller^^  (1757) ;  that  the  work  of  the  automatic  heart 
is  regulated  by  its  nerves  was  demonstrated  by  the 
experiments  of  the  Weber  brothers^^  (1845),  who  dis- 
covered the  tonic  action  of  the  vagus  mechanism,  and  by 
von  Betzold^^  and  Cyon,^*  who  determined  through  ani- 
mal experimentation  the  action  of  the  accelerator  nerve. 
The  contracting  myocardium  can  move  the  blood  in  a 

.circle  only  through  the  medium  of  the  valves  of  the 
heart.  It  is  obvious  that  any  one  familiar  with  the 
structure  of  the  valves  could  easily  infer  their  mechani- 
cal action,  provided  the  information  was  at  hand  as  to 
whether  the  heart  acted  after  the  fashion  of  a  force- 
pump  or  a  suction-pump  or  both.  Erasistratus  seems  to 
have  been  familiar  with  the  action  of  the  valves,  but,, 
swayed  as  he  was  by  the  belief  that  the  heart  alter- 
nately took  in  and  expelled  materials,  his  knowledge 
served  neither  his  contemporaries  nor  his  successors  any 

5.  Hoover :   In  Osier's  Modern  Medicine. 

6.  Harvey :  De  Motu  Cordis. 

7.  Stenson  :  De  Musculis  .  .  .  ,  1664.  Quoted  In  Neuburger 
and  Pagel :  Handbuch  der  Geschichte  der  Medizin,  ii,  343. 

8.  Borelli :  De  Motu  Animalium,  1681.  Quoted  in  Neuburger  and 
Pagel :  Handbuch  der  Geschichte  der  Medizin,  ii,  344. 

9.  See  Ozanam  :  La  circulation  et  le  pouls,  Paris,  1886,  p.  75. 

10.  Quoted  by  Howell :  Text-Book  of  Physiology,  1905,  p.  496. 

11.  Quoted  by  Howell :  Text-Book  of  Physiology,  1905,  p.  513. 

12.  See   mchet's   Dictionnaire   de   Physiologle,    1900,   p.    103. 


useful  purpose.  After  Harvey  had,  however,  deriion- 
strated  the  true  action  of  the  hfeart  and  after  this  action 
had  been  more  convincingly  demonstrated  by  the  animal 
experiments  of  Marey^^  and'  oth&rs^;  further  experiments 
were  needed  only  for  the  purpose  of  working  out  ttie 
finer  details  of  the  valvular  mechanisms.  The  need  of 
^^efl&cient  and  unobstructing  valv6s'^  became  obvious. 
The  mechanical  advantages  of  elastic  tubing  in  the 
maintenance  of  the  circulation  were  pointed  otit  by  the 
animal  experimenter,  Borelli/*  and  the  whole  question 
was  studied  in  greater  detail  by  S.  H.  Weber^"  (1850). 

All  of  the  factors  in  the  maintenance  of  the  circula- 
tion, then,  which  a  modern  clinician  considers  of  prime 
importance  have  been  brought  to  light  directly  or  indi- 
rectly through  animal  experiments; 

Pre-Harveian  treatises  on  diseases  of  the  blood-vessel 
system,  therefore,  differ  from  modern  works  on  the 
same  subject  in  at  least  two  fundamental  respects:  1. 
The  foundation  of  the  latter  consists  of  a  clear  concep- 
tion of  the  function  of  the  parts  concerned,  this  concep- 
tion being  based  for  the  most  part  on  demonstrated 
facts.  2.  It  is  recognized  in  modern  treatises  that 
disease  is  due  to  disturbed  function. 

It  is  interesting  to  trace  in  somewhat  greater  detail 
the  effect  that  the  discovery  of  the  circulation  of  the- 
blood  and  the  consequent  renewed  activity  in  experimen- 
tal physiology  had  on  the  discovery  of  diseases  of  the 
heart.    It  has  been  shown  that  before  the  time  of  Har- 
vey diseases  of  the  blood-vessel  system  received  v6ry 
scant  mention  in  the  standard  texts.  Excepting  treatiSfes 
on  the  pulse  and  on  bleeding,  the  writings  on  the  subject 
were  very  scant  indeed,  while    but    very    few    distinct, 
diseases  were  recognized.     Of  diseases  of  the  heart  and 
symptoms,  mention  is  made  in  pre-Harveian  literatilre 
only  of  hydrops  pericardii,  syncope,  palpitation,  erysipe-. 
las,  abscess,  tumors  and  wounds,  the  mythical  cor  hirsu-. 
turn,  and,  late  in  the  sixteenth  century,  dilatation,  and 
these  conditions  were  very  imperfectly  understood. 

On  the  other  hand,  within  the  hundred  years  whose 
beginning  is  marked  by  the  publication  of  Harvey's 
tract  (1628)  distinct  progress  toward  the  modern  con- 
ception of  cardiovascular  disease  can  be  discerned.    Ha^- 

13.  Trav.  du  laboratoire  de  Marey,  1877,  lii. 

14.  Borelli :  De  Motu  Animalium^-  1681.     Quoted  by  Neuburger  and » 
Pagel :  Handbuch  der  Geschichte :  der  Medizin,  ii,  336.  : 

15.  Abstr.  in  Luciani :  Lehrbuch  der  Physiologic,  1,  191. 
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vey  hiinself  describes  a  c^se  of'  rupture  of  the  left  ven- 
tricle, and  a  case  ot  cbr  bbvihUtrv  with  dilatation  of  the 
aorta,  together  with  the  syinptoms  during  life.  LdWet, 
oiie  of  a  trio  of  brilliant  animal  experimenters  of  Har- 
vey^s  time,  discusses  hydropericardium  as  a  result  of 
venous  stasis,  and  also 'a  case  of  adhesive  pericarditis.^® 
Cooper  described  aortic  insufficiency  and  appreciatied  its 
si^ificance.^^  The  samiB  lesion  as  well  as  stenosis  of 
the  mitral  orifice,  with  an  ingenious  explanation  of  the 
pulse  quality  in  that  disease,  as  well  as  many  other 
interesting  references  to  cardiac  disease  encountered  in 
the  .course  of  his  practice,  are  mentioned  by  Vieussens 
in  a  work  devoted  primarily  to  the  normal  structure  and 
functions  of  the  heart.^^  Finally,  in  a  work  on  the 
movement  of  the  heart  and  on  aneurisms,  Lancisi  makes 
many  important  contributions  to  cardiac  pathology  and 
pathologic  physiology/^  Besides  making  many  other 
valuable  additions  to  our  knowledge,  he  ascribes  sudden 
death  to  structural  defects,  mechanical  obstructions  and 
nejvous  diseases  of  the  heart.  He  is  the  first  to  call 
attention  clearly  to  the  significance  of  engorgement  of 
the  veins  of  the  neck  in  dilatation  of  the  right  cavities 
of  the  heart,  a  diagnostic  sign  of  great  importance  which 
could  not  have  been  comprehended  had  Lancisi  had  at 
his  disposal  only  the  ancient  view  that  the  veins  and  the 
blood  originate  in  the  liver.  In  this  connection  he 
speaks  of  tricuspid  insufficiency.  He  also  understood 
almost  perfectly  the  symptoms  of  dilatation  of  the  heart 
and  their  cause. 

The  most  important  of  the  early  works  on  diseases  of 
the  heart  appeared,  however,  something  over  a  century 
later  than  Harvey's  great  contribution.  This  is  Senac's 
•^Treatise  on  the  Structure  of  the  Heart,  on  its  Action 
and  its  Diseases''  (Paris,  1749).  Perhaps  the  most 
striking  feature  of  this  work  is  its  modernness.  There 
is  no  difficulty  in  comprehending  the  conditions 
described  by  the  author;  so  modern  are  the  thoughts 
that  the  reader  can  hardly  believe  that  he  has  before 

16.  Lower,  Richard:  Tractatus  de  Corde,  1669.  Quoted  by  Neu- 
burger  and  Pagel :  Handbuch  der  Geschichte  der  Medizin,  ii,  634. 

17.  Cooper :  Phil.  Tr.,  London,  1705,  No.  299.  Quoted  by  Gibson : 
in   Osier's   Modern   Medicine. 

18.  Vieussens :  Traits  nouveau  de  la  structure  et  des  causes  des 
movements  naturel  du  coeur,  1715. 

19.  Lancisi :  De  Motu  Cordis  et  de  Aneurysmatibus,  Rome,  1728. 
Quoted  by  Neuburger  and  Pagel :  Handbuch  der  Geschichte  der 
Medizin,  ii,  635  ;  and  Rosenstein  :  in  Ziemssen's  Handbuch,  Ed.  2, 
1879,  vi. 
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him  a  work  written  over  one  and  one-half  centuries  ago. 
I  am  of  the  opinion  that  Senac's  pre-eminence  in  the 
field  of  cardiac  pathology  must  be  attributed  largely  to 
his  grasp  of  the  anatomy  and  physiolo^  of  the  heart. 
However  this  may  be,  it  is  not  without  significance  that 
of  the  two  large  volumes  Senac  has  written  on  this  sub- 
ject about  one  and  one-half  are  devoted  to  an  exposition 
of  the  anatomy  and  physiology  of  the  circulation. 

Of  his  many  importent  contributions,  space  will  per- 
mit of  reference  to  but  one.  To  Senac  must  be  attrib- 
uted the  recognition  of  the  venous  pulse  as  a  diagnostic 
sign.  At  the  same  time  he  recognizes  the  most  impor- 
tant factor  in  its  production.  Speaking  of  dilatation  of 
the  ri^ht  auricle,  he  says  (p.  411) :  "It  is  evident  that 
dilatation  of  the  vena  cava  should  be  no  less  frequent; 
the  blood  is  pushed  with  force  when  contraction  dimin- 
ishes the  cavity,  and  this  is  the  cause  of  a  singular 
phenomenon;  the  jugular  veins  beat  with  regularity. 
.  .  .  ^^  Whether  Senac  was  here  dealing  with  the 
pulse  produced  by  a  hypertrophied  right  auricle  or  by 
regurgitation  through  the  tricuspid  orifice  cannot  be 
determined.  From  our  standpoint,  however,  it  matters 
little,  since  in  either  case  the  phenomenon,  without  a 
knowledge  of  the  "motion  of  the  heart,"  would  have  been 
without  significance  as  a  diagnostic  sign. 

At  about  the  same  time  Morgagni,^^  the  father  of 
pathologic  anatomy,  called  particular  attention  to  the 
mechanism  of  the  circulatory  disturbances  caused  by 
valvular  lesions  and  explained  the  symptom  of  cyanosis 
as  a  congestion  of  blood. 

DEVELOPMENT  OF   CLINICAL  METHODS 

Through  animal  experimentation  coupled  with  infer- 
ences from  anatomy,  the  circulation  of  the  blood  in  ani- 
mals was  demonstrated.  Observations  on  human  beings 
sufficed  to  show  that  the  results  of  animal  experiments 
were  applicable  to  man  without  change.  And  finally 
clinical  conditions  were  gradualy  recognized  in  the  light 
of  normal  function  and  a  more  logical  classification  of 
disease  became  possible.  Except,  however,  the  relation 
between  right-sided  lesions  and  venous  engorgement  and 

20.  Morgagni :  De  Sedibus  et  Causis  Morborum,  Ven.,  1761. 
Quoted  by  Ziemssen :  Handbuch  der  specieUen  Pathologie,  etc.,  Ed. 
2,    1879,   iv. 


22 

pulsation,  exact  methods  of  recognizing  pathologic  con- 
ditions in  living  man  were,  aside  from  the  evident  symp- 
toms exhibited  by  the  patient,  almost  entirely  lacking. 
It  is  to  the  relation  which  the  development  of  tliese 
methods  bears  to  animal  experimentation  that  attention 
will  next  be  directed. 

At  the  outset  it  should  be  made  clear  that  the  problem 
of  developing  methods  must,  from  the  nature  of  the 
case,  be  largely  clinical,  since  what  are  desired  are  meth- 
ods for  the  detection  of  conditions  which  are  commonly 
seen  in  man,  and  rarely  in  animals,  and  which  may  be 
studied  in  animals  usually  only  after  the  diseased  con- 
dition as  disclosed  in  man  has  been  reproduced  in  ani- 
mals. 

The  methods  now  employed  by  the  physician  in  his 
effort  to  detect  deranged  function  of  the  organs  of  the 
circulation  are  usually  classified  under  the  heads  of 
inspection,  palpation,  percussion  and  auscultation. 
Three  of  these  principles,  namely,  inspection,  palpation 
and  auscultation,  are  as  old  as  the  seeing  eye,  the  feeling 
hand  and  the  hearing  ear.  Their  origin,  therefore,  bears 
no  relation  to  animal  experiments.  The  same  statement 
is  not,  however,  true  of  their  subsequent  development 
and  elaboration.  The  eye  must  be  trained  to  see  and  the 
hand  to  feel.  Few  of  us  are  gifted  with  the  power  of 
seeing  or  feeling  what  others  before  us  have  failed  to 
see  or  feel.  Yet  the  eye  or  h^nd' when  provided  with  a 
working  hypothesis  or  a  demonstrated  fact  can  often  dis- 
cover or  discern  phenomena  which  otherwise  might  have 
escaped  them  entirely.  For  instance,  Galen,  than  whom 
the  world  has  had  no  keener  observer,  must  frequently 
have  watched  the  beating  heart  exposed  in  animals — ^he 
actually  records  having  seen  the  beating  heart  of  man, 
exposed  by  disease — yet  he  failed  to  recognize  what 
Harvey  discovered  in  the  same  way,  but  probably  with 
his  working  hypothesis  more  or  less  fully  developed, 
namely,  that  the  active  phase  of  the  heart's  motion,  and 
the  phase  corresponding  with  the  pulse  in  the  arteries, 
is  its  systole  and  not  its  diastole.  To  the  student  of 
to-day,  guided,  as  he  is,  by  demonstrated  fact,  it  is 
almost  inconceivable  that  any  one  could  for  a  moment 
have  held  any  but  our  present  view  in  regard  to  the 
motion  of  the  heart. 
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Inspection 

And  so  it  is  that  to-day  pallor,  cyanosis,  dyspnea,  pul- 
sation in  the  veins  and  arteries,  as  well  as  many  other 
visible  signs  of  disease  are  quickly  recognized  even  by  the 
beginner  and  their  significance  almost  as  quickly 
grasped. 

Whereas  pallor  now,  and  as  was  probably  the  case  even 
at  the  time  of  Hippocrates,  denotes  bloodlessness,  we  of 
to-day  have  learned  to  distinguish  between  pallor  of  sev- 
eral different  origins ;  for  example,  the  pallor  of  anemia, 
of  deficient  heart  action  (of  nervous  origin ),^^  of  defi- 
cient vasomotor  tone  in  the  splanchnic  area,^^  the  two 
latter  conceptions  arising  out  of  animal  experiments, 
and  the  pallor  of  localized  vasomotor  overaction,^^  like- 
wise a  conception  which  the  clinician  owes  to  physiologic 
experiments.  The  ability  to  distinguish  these  and  other 
types  of  pallor  is  not  merely  an  accomplishment  devoid 
of  all  practicality;  rather  it  is  through  this  ability  that 
the  practitioner  is  placed  in  a  position  to  discover  causes 
and  to  remove  them  by  means  of  rational  treatment 
directed  specifically  to  them  and,  if  it  is  so  desired,  to 
nothing  else. 

To  be  somewhat  more  specific,  I  shall  quote  for  pur- 
poses of  illustration  a  passage  from  Paul  of  ^gina. 
Under  the  title  of  "Deliquium  Animi  or  Swooning" 
(one  of  the  topics  treated  under  "Fevers'^)  this  author 
says  :^* 

Several  strong  ligatures  are  likewise  to  be  applied;  when  the 
evacuations  are  downward,  to  the  arms,  and,  when  upward,  to 
the  legs.  The  patients  are  also  to  be  placed  in  an  easy  erect 
posture,  and  a  cupping  instrument  applied,  so  as  to  produce 
revulsion  to  the  opposite  part  of  the  body.  .  .  . 

It  is  quite  unnecessary  to  call  the  attention  of  the 
reader  to  the  points  at  which  the  above  (which  probably 
is  largely  Galen's)  treatment  is  at  variance  with  ours, 
which  is  dependent  on  modern  conceptions,  both  mechan- 
ical (Spallanzani-^  (I'^^d),  Haller,^"  and  others)  and 
vosomotor  (Bernard^^  and  others)  of  the  circulation. 

21.  Goltz :  Virchows*  Arch.  f.  path.  Anat.,  1863,  xxvi,  11. 

22.  Ludwig  and  Cyon,  1866.  Quoted  by  Luciani :  Lehrbuch  der 
Physiologic,  i,  281. 

23.  Bernard  and  Brown-S^quard,  1851-2;  Quoted  in  Schafer's 
Text-Bool£  of  Physiology,  1900,   ii,   131. 

24.  Paul  of  JEgina  :  Seven  Boolts     .     .     .     ,  i,  327. 

25.  Quoted  by  Ozanam  :  La  circulation  et  le  pouls,  p.  110. 

26*  Quoted  by  Neuburger  and  Pagel :  Handbuch  der  Geschichte 
der  Medizin.   ii,   351. 
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Cyanosis,  too,  has  always  been  recognized ;  but  how,  in 
the  absence  of  facts  brought  to  light  by  animal  experi- 
mentation, coiild  the  distinction  be  made  between  the 
cyanosis  of  acquired  heart  disease,  where  it  always  is  an 
indication  of  back-pressure  into  the  veins  from  a  con- 
gested right  heart,^®  the  cyanosis  of  insuflBciently  aerated 
blood  (Lower,  Mayow  and  Guericke,  Lavoisier  and 
others^^)  and  the  cyanosis  of  local  asphyxia,  probably  of 
vasomotor  origin  (Bernard,^^  Thompson^®  and  others). 

Dyspnea  as  a  symptom  of  cardiovascular  disease  is 
occasionally  hinted  at  by  the  early  writers.  Thus,  Paul 
of  ^gina  says:  "When  the  heart  is  overheated  it  ren- 
ders the  respiration  large  and  dense,  but  when  it  is  too 
cold  the  respiration  is  small  and  rare."^®  This  relation 
between  the  heart  and  the  respiration  was  probably  sug- 
gested by  the  Galenic  doctrine  that  the  main  functions 
of  respiration  were  to  remove  from  the  body  the  fuligin- 
ous vapors  and  to  cool  the  blood  which  is  warmed  by  the 
innate  heat  of  the  heart.  That  there  is  an  element  of 
truth  in  this  doctrine  cannot  be  denied  (and  we  should 
not  lose  sight  of  the  fact  that  this,  in  large  part,  is  the 
fruit  of  animal  experin^ents),  yet  it  is  evident  that  such 
a  view  would  have  been  entirely  inadequate  to  bring  to 
light  the  true  clinical  significance  of  cardiac  dyspnea. 
Deficient  internal  respiration  due  to  slowing  of  the 
blood-stream  (a  sequel  to  the  demonstration  of  the  cir- 
culation) and  engorgement  of  the  lungs,  on  which 
depends  also  the  hemoptysis  of  heart  disease  (Alber- 
tini^^),  now  account  quite  satisfactorily  for  this  condi- 
tion and  suggest  lines  of  treatment. 

Palpation 

The  way  in  which  the  animal  experimenter  has  helped 
our  hands  to  feel  for  clinical  states  also  may  be  illus- 
trated by  a  few  examples. 

From  time  immemorial  the  pulse  has  been  held  to 
have  great  diagnostic  value.  Indeed,  until  quite  recently 
and  even  now  in  some  parts  of  the  world,  China,  for 
instance,  a  great  deal  more  significance  was  or  is  attrib- 
uted to  the  pulse  than  is  justified  by  experiment.    The 

27.  Neuburger  and  Pagel :  Handbuch  der  Geschichte  der  Medizin, 
ii,  341  et  seq. 

28.  Thompson :  Jour.  Physiol.,  1894,  xvii,  120. 

29.  Paul  of  iEglna :  Seven  Books      .     .     .     ,  i,  501. 

30.  Neuburger  and  Pagel :  Handbuch  der  Geschichte  der  Medlzin, 
ii,  636. 
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result  was  that  classification  of  the  pulse  was  carried  to  a 
d^ee  of  refinement  that  is  bewildering.  Thus,  Sancto- 
rius,  in  1625,  recognizes  seventy-three  significant  kinds 
of  pulse.^^  His  time  probably  marks  the  pinnacle  of 
pulse  analysis.  With  the  advent  of  careful  experimental 
methods,  as  laid  down  by  Harvey,  and  largely  through 
the  efforts  of  experimentalists,  the  Weber  brothers^^  in 
particular,  and  down  even  to  the  present  day^^  the  num- 
ber of  significant  varieties  of  pulse  has  constantly  dimin- 
ished. And,  what  is  of  far  greater  interest,  the  signifi- 
cance of  the  few  varieties  now  recognized  has  become  far 
morie  definite.  The  first  step  toward  this  simplification 
was  made  by  Harvey  when  he  recognized  the  right  rela- 
tion between  the  contraction  of  the  heart  and  the  pulse 
in  the  arteries.  Paul  of  ^gina  thus  explains  the 
Galenic  view  of  the  pulse : 

The  pulse,  is  a  movement  of  the  heart  and  arteries,  taking 
place  by  a  diastole  and  systole.  Its  object  is  twofold;  for  by  the 
diastole,  which  is,  as  it  were,  an  unfolding  and  expansion  of 
the  artery,  the  cold  air  enters,  ventilating  and  resuscitating 
the  animal  vigor  .  .  . ;  and  by  the  systole,  which  is,  as  it  were, . 
a  falling  down  and  contraction  of  the  circumference  of  the 
artery  towards  the  center,  the  evacuation  of  the  fuliginous 
superfluities  is  effected.  .  .  .  They  ( the  arteries )  arise  from  the 
heart,  and  are  distributed  to  all  parts  of  the  body,  and,  there- 
fore, all  the  arteries  pulsate  in  a  similar  manner  and  like  the 
heart,  so  that  from  one  of  them  you  may  judge  concerning  all 
the  rest.** 

The  fact  that  "all  the  arteries  pulsate  in  a  similar 
manner  and  like  the  heart^^  is  the  very  foundation  of  the 
diagnostic  significance  of  the  pulse.  N^aturally,  however, 
the  erroi's  in  the  Galenic  conception  dragged  into  medi- 
cine along  with  them  many  misconceptions  with  regard 
to  the  mechanism  of  the  pulse,  and  consequently  led  the 
physician  to  feel  events  which  actually  do  not  transpire. 
For  instance,  we  find  that,  in  accord  with  the  idea  that 
the  pulse  consists  of  an  active  systole  and  an  even  more 
active  diastole  of  the  artery  itself,  the  Galenists  divided 
the  time  of  rest  between  pulses  into  the  diastolic  rest  and 
the  systolic  rest.  With  the  adoption  of  the  views  on  the 
pulse  as  determined  by  Harvey,  by  the  Weber  brothers^ 
Miimal  experimenters,  and  with  the  invention  of  the  first 

31.  Quoted  hy  Ozanam :  La  circulation  et  le  pouls,  p.  49. 
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33.  Frank:  Ztschr.  f.   Biol.,  1905,  xlvi,   441. 

34.  Paul  of  iEgina :  Seven  Books     .     .     .     ,  i,  202. 
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practical  sphygmograph  by  animal  experimenters 
(Vierordt^*^  and  Marey)  the  clinicians  came  into  the 
right  conception  as  to  tiie  form  and  time  relations  of  the 
pulse :  the  distinction  made  by  the  Galenists,  which  we 
now  know  to  be  without  foundation  in  fact,  is  no  longer 
taught.  The  chief  value  of  the  sphygmograph,  it  should 
here  be  added,  does  not  consist  in  the  means  it  affords  us 
of  making  for  purposes  of  study  a  graphic  record  of  the 
pulse,  although  this  result  is  not  to  be  undervalued; 
rather  it  is  that  the  knowledge  of  the  true  form  of  the 
pulse-wave  as  determined  with  the  sphygmograph  makes 
it  possible  for  the  student  to  discern  more  easily  and  to 
value  by  simple  palpation  what  otherwise  he  might  never, 
or  only  after  diligent  application,  learn  to  discover. 

It  may  reasonably  be  doubted  whether  the  Galenists 
had  any  clear  ideas  in  regard  to  pressure  and  pressure 
variations  in  the  arteries  and  veins.  It  is  true  that  in 
their  classification  of  pulses  they  speak  of  the  "consist- 
ence of  the  body  of  the  artery'^^®  and  distinguish  three 
varieties  thereof,  namely,  hard,  soft  and  moderate;  yet 
it  cannot  be  made  out  from  the  context  whether  "con- 
sistence'^ is  a  property  of  the  arterial  wall  proper  or  one 
imparted  to  it  through  the  pressure  of  the  blood  in  the 
lumen.  However  this  may  be,  we  owe  to  the  Kev. 
Stephen  Hales^^  the  demonstration,  by  means  of  his 
classical  experiments  on  animals,  of  the  pressure  in  the 
arteries  and  veins  and  some  of  their  variations.  These 
experiments,  multiplied  and  analyzed  by  subsequent 
investigations  (Ludwig,^^  Marey^®  and  others),  gave  to 
the  practitioner  a  new  clinical  idea,  that  of  attempting 
to  determine  by  palpation  the  degree  of  arterial  tension 
and  to  correlate  tension  with  the  clinical  picture  as  a 
whole. 

It  was  Traube  who  introduced  the  term  "tension  of 
the  arterial  wall"  into  the  clinic.  He  had  so  often  felt 
of  the  exposed  artery  of  animals  and  had  so  often  com- 
pared this  with  the  pressure  as  measured  by  a  manome- 
ter connected  with  the  artery  that  he  was  in  a  position 
to  estimate  through  palpation  alone  the  pressures  in 
man.*^     But  Traube's  method  of  training  the  touch  is 

35.  Vierordt :    Die    Lehre    Yom    Arterienpals    in    gesunden    und 
kranken  Zust&nden,  Brunswick,  1855. 

36.  Paul  of  ^gina :  Seven  Books     .     .     .     ,  i,  202,  et  seq. 

37.  Hales,   Stephen:   Statical   Essays,   1733. 

38.  Ludwig:  Arch.  f.  Physiol.,  1847,  p.  243. 

39.  Chauveau  and  Marey :  M6m.  Acad,  de  med.,  1863,  xzvi,  302. 

40.  Quoted  by  von  Basch  :  Berl.  klin.  Wchnschr.,  1887,  xxiv,  179. 
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not  a  practical  one  for  general  use.  Furthermore,  palpa- 
tion of  pulse  tension,  like  palpation  of  pulse  form,  had  to 
be  controlled  and  taught  with  the  aid  of  some  instru- 
ment of  greater  precision  than  the  finger.  The  sphygmo- 
manometer, the  first  practical  form  of  which  was  devised 
by  an  animal  experimenter  and  clinician  (von  Basch*^), 
and  which  has  been  tested  by  animal  experiments,  was 
the  result  of  this  need.  With  this  instrument  Cushing,*^ 
guided  by  experiments  performed  on  animals,  discov- 
ered not  only  a  sign  of  intracranial  hemorrhage,  but  also 
a  signal  for  operative  interference  in  that  condition. 
Most  of  the  work  in  this  field,  however,  is  so  recent  that 
it  is  hardly  necessary  to  refer  specifically  to  other  practi- 
cal results  that  have  come  of  it  in  the  diagnosis,  progno- 
sis and  treatment*^  of  cardiovascular  disease.  I  cannot 
refrain,  however,  from  making  a  brief  reference  to  a 
recent  report  by  Williamson  showing  the  prognostic 
value  of  blood-pressure  estimations.  Of  seventeen 
patients  with  a  blood-pressure  over  200  mm.  Hg.  (the 
normal  is  about  120)  Williamson  was  able  to  keep  track 
of  thirteen.  Of  these,  eight  had  died  within  from  two 
to  three  years.** 

'Neither  inspection  nor  digital  palpation  sufficed  for 
the  correct  analysis  of  the  venous  pulse.  This  was  not 
possible  until  we  had  at  hand  the  results  of  animal 
experiments  (Riegel*'  Fredericq,*^  Porter*^  and  others) 
and  until  such  results  had  been  applied  practically  in  the 
analysis  of  the  human  venous  pulse  (Riegel,*°  Macken- 
zie,*® and  oth'ers)  through  the  use  of  graphic  methods 
primarily  developed  by  animal  experimenters  (Ludwig, 
Marey  and  others).  This  whole  subject  is  so  new  that 
it  is  quite  unnecessary  to  remind  the  clinician  of  the 
practical  results  in  the  diagnosis  of  cardiac  disease  that 
have  accrued  therefrom. 

Perciission 

The  direct  object  of  percussion  is  anatomic  rather 
than  physiologic;  it  seeks  to  determine  the  limits  of 
organs  and  the  nature  of  their  contents.     Its  indirect 

41.  Von  Basch:  Ztschr.  f.  kiln.  Med.,  1880,  ii,  79. 

42.  Gushing:  Am.  Jour.  Med.  Sc,  1903,  cxxv,  1017. 

43.  Oliver :   Treatment  of  High  Blood-Pressure,   Med.   Press  and 
Circular,   Feb.   2,  1010. 

44.  Williamson :  Clin.  Jour.,  June  30,  1909. 

45.  Riegel :  Deutsch.  Arch.  f.  kiln.  Med.,  1882,  zxxi,  1,  471. 

46.  Fr6d6ricq :  Trav.  du.  laboratoire  de  Lifege,  1890,  iii,  85. 

47.  Porter:  Jour.  Physiol.,  1892,  xiU,  513. 

48.  Mackenzie :  Brit.  Med.  Jour.,  March  and  April,  1905. 
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object,  however,  is  to  discover  disturbed  function.  It 
therefore  follows  that  the  intelligent  interpretation  of 
the  secrets  brought  to  light  by  percussion  can  be  made 
only  by  one  who  is  familiar  with  the  physiology,  normal 
and  pathologic,  of  the  organs  of  the  body.  I  quote  in 
this  connection  the  views  on  this  subject  held  by  Cor- 
visart,  the  practitioner  first  to  employ  intelligently  the 
method  of  percussion  for  the  purpose  of  discerning  car- 
diac disease.  In  his  epoch-making  work,  in  which  are 
set  forth  the  results  of  his  clinical  observations,  Cor- 
visart  first  discusses  the  relation  of  the  development  of 
anatomy  and  of  pathologic  anatomy  to  diseases  of  the 
heart  and  then  proceeds  to  say: 

But  it  were  very  erroneous  to  think  morbid  anatomy  suf- 
ficient to  accomplish  this  end;  it  is  quite  the  reverse;  the 
physician  who  does  not  unite  physiology  [when  I  say  physi- 
ology, I  mean,  once  for  all,  the  physiology  of  experience  .and 
observation  ( everrcautious  of  the  too  easy  indications  from 
analogy )  but  not  the  systematic  physiology  which  is  often  sup- 
posing, and  constantly  explaining]  with  anatomy  will  ever 
remain  a  more  or  less  dextrous,  industrious,  and  patient  in- 
quirer, but  he  will  never  become  a  firm  and  decisive  practi- 
tioner, particularly  in  the  treatment  of  the  organic  lesions.* 

The  facts  brought  to  light  by  percussion,  then,  are,  in 
the  opinion  of  the  founder  of  cardiac  nosology,  of  the 
greatest  significance  only  when  viewed  from  the  stand-^ 
point  of  experimental  physiology. 

Auscultation 

Who,  if  not  the  practicing  physician,  would  be 
expected  to  discover  the  sounds  emitted  by  the  beating 
heart?  The  nature  of  his  work  requires  that  the  clini- 
cian keep  alert  all  of  his  senses  in  his  effort  to  bring  to 
light  the  diseases  he  may  encounter  in  his  practice.  The 
time  and  energy  devoted  to  human  beings  for  this  pur- 
pose far  exceed  those  devoted  to  animals.  Yet  Harvey, 
i^nlmal  experimenter,  as  well  as  clinician,  seems  to  have 
beep  the  first  to  call  attention  to  the  fact  that,  simulta- 
neously with  pulsation,  a  sound  can  be  heard  in  the 
chest. °^  Tc  the  practitioner  Laennec,  however,  belongs 
the  credit  of  developing  clinical  ausculation.*^^  Whether 
or  not  Laennec  himself  performed  experiments  on  ani- 
mals I  have  been  unable  to  determine.  As  a  pupil  of  Cor- 

49.  Corvisart :  Essai  sur  les  maladies  et  les  lesions  organiques  dn 
coeur     .     .     .     ,  1806;  transl    \  7  Gates,  1812. 
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visart  (see  above)  he  must,  however,  have  taken  at  least 
an  active  interest  in  experimental  physiology.  That  he  did 
avail  himself  of  the  results  of  animal  experimentation  in 
the  interpretation  of  auscultatory  phenomena  is  seen  in 
the  following  quotation,  which  at  the  same  time  will 
serve  to  indicate  that  had  Laennec  had  just  a  little  more 
first-hand  knowledge  of  the  action  of  the  heart  he  might 
have  succeeded  in  making  a  better  interpretation  of  the 
facts  revealed  by  his  clinical  observations. 

At  the  moment  of  the  arterial  pulse  the  ear  is  slightly  ele- 
vated by  an  isochronous  motion  of  the  heart,  which  is  accom- 
panied by  a  somewhat  dull,  though  distinct  sound.  This  is  the 
contraction  of  the  ventricles.  Immediately  after,  and  without 
any  interval,  a  noise  resembling  that  of  a  valve,  or  a  whip,  or 
the  lapping  of  a  dog,  announces  the  contraction  of  the 
auricles.  .  .  .  Immediately  after  the  systole  of  the  auricles 
there  is  a  very  short,  yet  well  marked  interval  of  repose.  .  .  . 
This  state  of  quietude  after  the  contraction  of  the  auricles 
does  not  appear  to  have  been  known  to  Haller  as  a  natural  con- 
dition." 

Laennec  therefore  accepts  without  question  the  fact 
shown  by  Harvey  and  later  first  utilized  by  Albertini*^^ 
as  a  diagnostic  sign,  that  the  apex-beat  occurs  with  sys- 
tole; while  at  the  same  time  he  calls  attention  to  what 
he  believes  to  be  an  oversight  on  the  part  of  Haller — by 
many  considered  the  father  of  modern  experimental 
physiology — in  regard  to  the  time  relation  of  auricular 
and  Ventricular  systole. 

But  if  Laennec  had  only  taken  the  pains  to  examine 
an  exposed  beating  heart  in  the  light  of  his  clinical 
observations,  he  never  would  have  made  the  mistake  of 
attributing  the  second  sound  to  the  contraction  of  the 
auricle,  nor  would  he  so  quickly  have  jumped  to  an 
erroneous  conclusion  in  the  face  of  the  results  of  direct 
experimental  observation.  Not  very  many  years  had 
elapsed,  however,  when  Turner,***  interpreting  correctly 
the  results  of  physiologic  experiments  as  recorded  in 
Haller^s  "Elementa,^^  objected  to  Laennec's  views  on  the 
cause  of  the  second  sound  on  the  ground  that  the  con- 

50.  Luciani :  Lehrbuch  der  Physiologie,  1905,  1,  152. 

51.  Laennec :  Traits  de  rauscultation  mediate  .*  .  .  ,  1819 ; 
transl.  by  Forbes,  1823. 

52.  Laennec :  Traits  de  rauscultation  mediate     .     .     .     ,  p.  256: 

53.  Quoted  by  Ziemssen :  Handbuch  der  speciellen  Pathologic,  etc., 
1879,  vL 

54.  Ref.  Luciani :  Lehrbuch  der  Physiologie,  1905,  i,  152. 
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traction  of  the  auricles  precedes  that  of  the  ventricles, 
and  does  not  follow  it  as  Laennec  had  assumed. 

The  limits  of  this  paper  make  it  impossible  to  trace 
for  the  reader  the  development  of  our  knowledge  of  the 
cause  of  the  heart  sounds.*^*^  The  statement  must  sufi&ce 
that  through  combined  clinical  (Laennec,  Skoda,  etc.) 
and  experimental  observation,  the  most  noteworthy  of 
which  were  made  by  a  committee  of  the  British  associa- 
tion under  the  leadership  of  Williams,^^  and  the  later 
experiments  of  Hiirthle'^^  and  others,  we  are  now  quite 
certain  of  the  true  relations  which  the  sounds  bear  to  the 
events  of  the  cardiac  cycle,  notwithstanding  the  exist- 
ence at  the  present  time  of  some  uncertainty  as  to  the 
causes  of  some  of  the  normal  sounds.  With  regard  to 
abnormal  heart-sounds,  deductions  from  normal  physiol- 
ogy as  well  as  experiments  in  pathologic  physiology  have 
served  to  indicate  to*  the  clinician  their  meaning  and 
even  their  diagnostic  value.  For  example,  a  ringing 
aortic  second  sound  indicates  to  the  clinician  an  abnor- 
mally high  aortic  tension.  Harvey's  experiments  in 
themselves  might  have  suggested  this,  but  the  conclusive 
proof  of  it  was  offered  by  the  experiments  of  Williams 
and  others,  who  showed  that  the  second  sound  arises  in 
the  arterial  valves  and  that  its  intensity  diminishes  when 
the  arterial  tension  is  lowered.  If  the  reader  is  desirous 
of  further  instances  of  this  nature  he  may  consult  any 
of  the  modern  handbooks  on  diseases  of  the  heart;  for 
example,  the  article  by  Gibson  on  cardiac  insujBBciency 
in  Osier's  "Modern  Medicine,"  which  he  will  find  to  be 
practically  an  article  on  applied  physiology — physiology 
made  up  almost  exclusively  of  experiments  on  animals. 

55.  An  excellent   account  of  this  subject   is   given   by   Luciani : 
Lehrbuch  der  Physiologie,  1905,  i,  152. 

56.  Report  of  the  Brit.  Assn.,  1836,  vi,  265. 

57.  Httrthle:  Arch.  f.  d.  ges.  Physiol.,  1895,  Ix,  263. 


///.  CIRCULATORY  SYMPTOM-COMPLEXES  AND  THEIR 

TREATMENT 

An  attempt  was  made  in  Part  II  to  make  it  clear  that, 
whereas  the  attention  of  the  ancients  was  attracted  to 
certain  symptoms,  such  as  palpitation  and  syncope, 
owing  to  their  lack  of  knowledge  of  the  structure  and 
functions  of  the  heart  and  blood-vessels,  such  symptoms 
were  not  associated  with  specific  diseases  of  the  circula- 
tory system. 

CLINICAL  CONCEPTS  AND  ANIMAL  EXPERIMENTATION 

It  has  been  shown,  furthermore,  how,  in  the  seven- 
teenth and  eighteenth  centuries,  when  post-mortem 
observations  made  possible  the  building  of  a  firm  founda- 
tion for  anatomy  and  after  Harvey's  demonstration  of 
the  circulation  of  the  blood,  the  clinical  concepts  as  we 
now  know  them  began  to  appear.  This  fact  in  itself 
sufficed  to  indicate  in  a  general  way  the  dependence  of 
our  modern  conceptions  on  the  results  of  experiment.  It 
might,  however,  be  well  to  call  attention  to  this  depend- 
ence in  somewhat  greater  detail. 

Why  valvular  defects,  both  organic  and  relative, 
should  alter  the  action  of  the  circulation,  and  how, 
becomes  perfectly  evident  when  they  are  viewed  in  the 
light  of  facts  demonstrated  by  experiment.  If  the  lesion 
causes  a  stenosis  or  insufficiency  of  any  valvular  orifice, 
the  knowledge  of  this  fact  suffices  to  account  for  practi- 
cally all  of  the  signs  and  symptoms  of  the  disturbed 
function.  Given,  for  example,  narrowing  of  the  mitral 
orifice,  with  a  knowledge  of  the  physiology  of  the  circu- 
lation, the  clinical  picture  is  almost  completely  under- 
stood. The  relation  of  the  adventitious  to  the  normal 
heart-sounds,  the  enlargement  of  the  left  auricle,  the 
engorgement  of  the  pulmonary  circulation  and  its  con- 
sequences, the  hypertrophy  of  the  right  auricle  and  ven- 
tricle, the  pulsation  of  the  liver  and  of  the  veins  of  the 
neck,  as  well  as  other  signs  and  symptoms,  become  per- 
fectly clear  and  are  seen  to  be  part  and  parcel  of  one  and 
the  same  thing. 

The  conception  of  relative  or  muscular  insufficiency  of 
the  valvular  orifi^ces  rests  almost  entirely  on  inferences 
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from  results  of  animal  experiments.  As  long  as  the 
Hippocratie  idea  of  the  parenchymatous  nature  of  the 
walls  of  the  heart  held  sway,  the  possibility  of  a  varia- 
bility of  the  diameters  of  the  cardiac  orifices  was  entirely 
precluded.  When,  however,  Harvey,  Borelli  and  others* 
recognized  that  the  movements  of  the  heart  resembled 
those  of  muscles,  and  after  the  property  of  tone  in  heart 
muscle  had  been  discovered  by  GaskelP  the  way  was 
opened  for  the  clinical  conception  of  valvular  insujBB- 
ciency  due  to  muscular  weakness. 

The  hypertrophied  heart,  the  cor  hovinum,  as  a  purely 
anatomic  conception,  was  one  of  the  earliest  cardiac 
lesions  to  be  described.  Suggestions  as  to  its  causation 
were  not,  however,  made  until  it  was  recognized  that  the 
heart,  not  the  blood,  did  mechanical  work  and  that  the 
amount  of  work  performed  by  the  heart  was  subject  to 
variation.  Practically  the  only  cause  of  hypertrophy  of 
voluntary  muscle  is  increased  work;  then  why  not  of 
heart  muscle,  too?  When,  therefore,  a  hypertrophied 
heart  is  met,  the  physician,  in  order  to  discover  the 
cause,  looks  for  the  factor  that  has  increased  the  work 
of  the  heart.  Physics  teaches  that  work  is  proportional 
to  the  product  of  the  pressure  and  the  surface.  "It  is, 
therefore,  not  a  matter  of  chance  that  the  first  to  measure 
the  blood-pressure  in  animals  (Hales)  was  also  the  first 
to  attempt  the  estimation  of  the  work  of  the  heart.^^^ 
Since  the  surface  area  of  the  heart  and  the  pressure 
against  which  it  contracts  both  are  subject  to  variation, 
it  is  to  these  factors  that  the  clinician  looks  in  order  to 
account  for  hypertrophies  of  the  heart.  In  this  way 
many  of  the  etiologic  factors  of  cardiac  hypertrophy 
have  been  brought  to  light.  It  has  served  to  explain  the 
hypertrophies  associated  with  valvular  lesions.  It  has 
likewise  served  to  explain  the  cardiac  hypertrophy  of 
pulmonary  emphysema,  of  arteriosclerosis,  of  chronic 
asphyxia  (Hensen*),  in  which  condition  the  blood-pres- 
sure is  elevated,  of  many  cases  of  nephritis  in  all  of 
which  the  arterial  blood-pressure  is  high,  of  plethora 
(which  probably  increases  the  work  of  the  heart,  not  by 
increasing  the  blood-pressure,  but  rather  by  increasing 
the  amount  of  blood  in,  and  consequently  the  area  of, 
the  heart  (Tigerstedt^),  and  of  adhesive  pericarditis. 

1.  See  Part  II  of  this  article. 

2.  Gaskell:  Jour.  Physiol.,  1880-82,  iU,  53. 

3.  Nagel :  Handbuch  der  Physiologie,  i,  866. 

4.  Quoted  by  Krehl,  Pathologische  Physiologie,  1907,  p.  32. 
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The  fact  that  the  dilated  heart  has  great  difficulty  in 
maintaining  the  circulation  is  likewise  seen  clearly  when 
viewed  from  the  standpoint  of  mechanical  work. 

The  concept  of  the  weak  heart  rests  on  the  fact  that 
the  heart  acts  as  a  force-pump.  The  signs  of  failure 
of  the  pump,  the  fall  of  arterial  pressure,  engorgement 
of  the  veins,  etc.,  are  explained  by  the  discovery  of  Har- 
vey and  its  elaborations. 

Paroxysmal  tachycardia  is  probably  merely  a  symptom 
of  a  number  of  affections  of  the  heart.  Through  mod- 
em clinical  methods,  which  are  largely  the  outcome  of 
work  on  animals,  the  behavior  of  the  heart  during  the 
paroxysms  has  been  discerned  and  at  least  one  cause  of 
the  symptoms  has  been  determined,  namely,  pressure 
on  the  vagi  (see  below.)® 

The  investigation  of  bradycardia  has  met  with  better 
success.  There  can  be  recognized  by  the  application  to 
the  human  being  of  methods  employed  in  the  laboratory : 
(1)  complete  bradycardia,  that  is,  slowing  of  the  whole 
heart  and  (2)  partial  bradycardia,  by  which  is  under- 
stood the  slowing  of  certain  parts  of  the  heart  below  the 
mouths  of  the  great  veins.  Clinical  experience,  in  the 
light  of  facts  acumulated  in  the  laboratory,  has  led  to 
the  recognition  of  at  least  two  causes  of  complete  brady- 
cardia, namely  (a)  direct  or  reflex  stimulation  of  the 
cardio-inhibitory  mechanisms  by  asphyxia,  by  arterial 
hypertension  as  in  acute  nephritis,^  by  increased  intra- 
cranial tension,®  by  irritation  of  the  gastro-intestinal 
canal  and  peritoneum;®  and  (b)  slowing  of  the  rate  of 
discharge  of  the  mechanism  that  sets  the  pace  of  the 
heart  (Stannius,  Gaskell)^®  through  the  depressing  ac- 
tion of  poisons  or  arteriosclerosis.  Clinically  these  two 
types  may  be  distinguished  in  man  (Dehio)  by  means 
of  a  laboratory  test  which  depends  on  the  fact  that 
atropin  paralyzes  the  vagus  terminals  in  the  heart. 

Animal  experiments  (Stannius,  Gaskell,^^  and  others) 
have  brought  to  light,  and  have  determined  the  causes 

5.  Tlgerstedt:  Skand.  Arch.  f.  Physiol.,  Iv,  41. 

6.  Hoover :  In  Osier's  Modern  Medicine. 

7.  Based  on   Marey*s  law,   which   in   turn   Is  based   on   animal 
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8.  Cashing:  Am.  Jour.  Med.  Sc,  1903,  1017. 

9.  Based  on  experiments  by  Goltz :  Vlrchows  Arch.  f.  path.  Anat., 
1863,  xxvl,  10. 

10.  Gaskell:  Experiments  described  in  Phil.  Tr.,  London,  1882^ 
p.  993. 

11.  Gaskell:   Jour.  Physiol.,  1883,  iv,  61. 
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of,  the  type  of  bradycardia  termed  incomplete;  and  the 
applicability  of  this  work  to  the  condition  (Stokes- 
Adams  disease,  etc.)  as  seen  in  man  has  been  demon- 
strate by  animal  experimenters  (Chanvean,  His,  Er- 
langer^^,  etc.)  employing  in  the  clinic  the  methods  of  the 
laboratory.  These,  by  showing  that  the  most  common 
form  of  incomplete  bradycardia  is  atrioventricular  heart- 
block,  have  very  recently  served  to  elucidate  a  clinical 
picture  that  has  puzzled  the  medical  world  ever  since 
it  was  first  described  some  seventy  years  ago. 

It  is  almost  too  early  to  predict  the  outcome  of  the 
efforts  now  being  made  toward  a  better  understanding 
of  the  cardiac  arrhythmias.  That  they  have  opened  a 
new  era  in  the  detection  and  analysis  of  cardiac  disease 
is  perhaps  all  that  can  now  be  affirmed.  However  that 
may  be,  the  result  up  to  date  has  been  that  through  the 
clinical  application  by  Wenckebach,^^  MacKenzie,^*  Her- 
ing  and  others,  of  facts  revealed  in  the  laboratory  by 
Marey,  Gaskell,  Engelmann,  Hering  and  others,  heart 
irregularities  such  as  extrasystoles,  allorhythmia,  the  ab- 
solutely irregular  pulse,  etc.,  which  heretofore  have  had 
no  significance  whatever,  now  stand  for  specific  disturb- 
ances of  the  cardiac  motor  mechanism. 

Eeference  has  already  been  made  to  the  part  animal 
experimentation  and  experimenters  have  played  in  call- 
ing the  attention  of  clinicians  to  the  mechanism  that 
comes  into  play  when,  as  in  arteriosclerosis,  the  arteries 
become  inelastic.^*^ 

Arterial  aneurism  was  recognized  in  man  by  the 
animal  experimenter,  Galen,  and  attempts  at  treatment 
were  made  by  him.  Just  what  part  animal  experimenta- 
tion played  in  the  development  of  this  phase  of  the  sub- 
ject cannot  be  determined.  However  that  may  be,  many 
signs  and  symptoms  of  great  significance  in  the  diagno- 
sis of  aneurism  have  since  come  to  the  clinician  through, 
or  have  been  rendered  clear  by,  experiments  on  animals 
or  animal  experimenters.  Harvey,  for  example,  first 
called  attention  to  the  changes  of  the  pulse.  Pressure 
changes  in  the  arteries  have  also  been  detected  and  for 
their  recognition  Williamson  finds  that  "the  sphygmo- 

12.  For  the  literature  see  Jour.  Exper.  Med.,  1906,  viii,  8. 

13.  Wenckebach :  Die  Arrhythmia  als  Ausdruck  bestimmter  Func- 
tions-StOrungen  des  Herzens,  Leipsic,  1903. 

14.  MacKenzie :  Brit.  Med.  Jour.,  March  and  April,  1905. 

15.  See  Part  II  of  this  article. 
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manometer  is  much  more  sensitive  than  the  finger."^® 
The  pupillary  effects  of  aortic  aneurism  are  explained 
by  experiments  on  the  cervical  sympathetic,  some  of 
which  were  performed  as  early  as  1727/^  and  by  local 
changes  in  blood-pressure.^® 

The  localization  of  arterial  and  of  most  venous  emboli 
from  dislodged  thrombi  is  explained  perfectly  by  the 
circulation.  And  experimentation  has  served  to  throw 
light  on  many  of  the  problems  connected  with  the  sub- 
ject of  thrombosis.  These  experiments  have  demon- 
strated that  slowing  of  the  blood-system  per  se  does  not 
cause  clotting,  although  it  has  been  shown  by  deduction 
from  experiments  on  animals  when  the  necessary  factors 
are  present,  decreased  velocity  plays  an  important  part 
in  thrombosis.^® 

ANIMAL   EXPERIMENTATION     AND     THE     TREATMENT    OF 

CARDIOVASCULAR   DISEASE 

To  animal  experimentation  must  also  be  attributed 
many  of  the  most  valuable  suggestions  as  to  the  treat- 
ment of  cardiovascular  disease.  It  will,  however,  be 
possible  to  call  attention  to  only  a  few  instances  of  this 
most  practical  phase  of  the  subject. 

It  is  self-evident  that  with  the  discovery  of  the  circu- 
lation, and  only  after  the  elucidation  of  the  part  played 
by  the  several  mechanisms  concerned  in  its  maintenance, 
the  rational  treatment  of  the  diseases  of  the  circulation 
by  mechanical  means  became  possible. 

Then  it  became  possible  to  appreciate  why  patients 
suffering  from  "delinquium  animi  or  swooning"  should 
be  placed  in  the  recumbent  position  rather  than  "in  an 
easy  erect  posture"  as  suggested  by  Paul  of  -^gina  and 
why  other  practices,  some  of  which  are  mentioned  in 
Part  II,  were  to  be  eliminated  as  irrational. 

Bleeding,  than  which  no  form  of  treatment  has  passed 
through  as  many  vicissitudes,  illustrates  how  fruitless 
may  be  the  results  of  uncontrolled  speculation  in  medi- 
cine, the  vacillation  "in  the  practice  of  this  therapeutic 
measure  depending  intimately  on  the  prevailing  views 
on  blood  and  juices,  on  fever  and  inflammation,  finally 

16.  Quoted  by  Osier :  Modern  Medicine. 

17.  Petit  (1727)  and  Biffl  (1846)  :  Quoted  by  Schftfer,  Text-Book 
of  Physiology,   ii,   618. 

18.  Experiments  of  Wall  and  Walker ;  Quoted  by  Osier :  Modern 
Medicine. 

19.  Baumgarten  and  Rizor,  and  von  Recklinghausen;  Quoted  by 
Blumer:  Osier's  Modern  Medicine,  p.  505.       ' 
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on  life  itself/^^^  To-day  venesection  in  diseases  of  the 
circulation  seems  to  be  indicated  in  but  a  single  condi- 
tion which  may,  however,  appear  in  almost  any  of  the 
symptom-complexes :  "At  any  stage  in  a  valvular  lesion 
or  in  hypertrophy  and  dilatation  of  the  heart  .  .  .  acute 
cardiac  insufficiency  may  arise  .  .  It  is  the  one  condi- 
tion in  which  a  venesection  is  advantageous/'^^  Bleeding, 
then,  is  indicated  only  when  it  is  necessary  temporarily 
to  relieve  the  weakened  or  dilated  heart  of  the  strain 
under  which  it  is  working.  The  mechanical  indication 
and  the  mechanical  action  of  bleeding  both  have  been 
made  clear  through  the  discovery  of  the  circulation  and 
the  part  the  heart  plays  in  its  maintenance.  We  no 
longer  hear  of  bleeding  practiced  for  its  "derivatory'^ 
and  "revulsive^'  actions. 

More  is  heard  to-day  of  a  treatment  which  is  just  the 
converse  of  venesection,  although  it  is  practiced  in  many 
conditions  to  accomplish  the  very  objects  that  were 
sought  in  blood-letting.  The  use  of  transfusion  as  a 
therapeutic  measure  was  suggested  in  mythical  times 
as  a  means  of  restoring  youth.  "An  experiment  which 
had  hitherto  only  been  made  in  animals,^^  transfusion 
was  first  put  into  practice  by  Cardanus  in  the  fifteenth 
century.  The  attempt  did  not  succeed,  however,  be- 
cause, when  artery  was  united  to  artery,  the  direction 
of  flow  was  beyond  the  control  of  the  surgeon.  With 
the  discovery  of  the  circulation,  the  mechanical  require- 
ments of  transfusion  became  clear.^^  Within  less  than 
forty  years  Lower  succeeded  in  transfusing  animals  by 
passing  the  blood  from  an  artery  into  a  vein.  And  one 
year  later  Denis  and  King,  working  independently,  suc- 
cessfully transfused  blood  from  a  lamb  into  man.  The 
time  was  not,  however,  ripe  for  the  practice  of  transfu- 
sion as  a  therapeutic  measure.  Unforeseen  difficulties 
arose  such  as  intravascular  clotting,  clotting  at  the  point 
of  union,  and  hemolysis.  One  by  one,  however,  and 
almost  exclusively  through  animal  experimentation, 
these  difficulties  were  cleared  up  and  then  eliminated. 
The  successful  efforts  to  remove  what  now  appears  to 
be  the  last  great  difficulty,  namely  clotting  at  the  point 
of  union,  are  fresh  in  the  minds  of  all.    Through  the 

20.  Bauer :  Geschichte  der  Aderl^sse,  Miinchen.,  1870. 

21.  Osier  and  Gibson :  Osier's  Modern  Medicine,  p.  261. 

22.  Crile :  Hemorrhage  and  Transfusion,  1909. 

23.  I  here  follow  the  account  given  in   Neuburger  and   Page! : 
Handbuch  der  Geschichte  der  Medizin,  ili,  87. 
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use  of  a  method  brought  to  light  by  animal  experiments 
(Queirolo,  Crile),^^  of  uniting  blood-vessels  with  a  tube 
in  such  a  way  that  the  blood  does  not  come  into  contact 
with  any  foreign  surface,  or  through  the;  use  of  vessel 
STitilre  as  developed  by  the  experiments  of  Carrel,^^  clot- 
ting is  no  longer  to  be  feared. 

'  Transfusion  of  blood  is  used  at  thie  present  time,  how- 
ever, only  as  a  means  of  last,  resort.  In  mo^t  cases  the 
infusion  of  a  salt-solution  into  the  blood  vessels  accom- 
plishes the  same  end.  The  use  of  this  therapeutic  meas- 
ure was  suggested  by  Goltz  when  he  called 'attention  to 
the  fact  that  the  danger  of  sudden  large  hemorrhages 
depends  on  the  emptiness  of  the  heart,  which,  in  that 
state,  cannot  do  its  work  efficiently.^*  Then,  after  ex- 
periments on  animals  by  Cohnheim  (1869)  and  by  Kron- 
ecker  and  Lauder  (1879)  had  demonstrated  that  the  in- 
jection of  an  aqueous  solution  of  sodium  chlorid  may 
save  the  life  of  an  animal  which  has  certainly  sustained 
an  otherwise  fatal  hemorrhage,  the  measure  was  tried 
in  surgical  and  obstetrical  practice  with  the  life-saving 
results  that  are  familiar  to  all.^^ 

Attention  should  here  be  called  to  the  fact  that  trans- 
fusion and  infusion  experiments  represent  the  'first  at- 
tempts at  intravascular  medication,  a  measure  that  was 
thereafter  extensively  employed  in  the  laboratory  but 
which  has  only  recently  come  into  vogue  in  the  practice 
of  medicine.^® 

Under  the  caption  of  mechanical  methods  of  treating 
cardiovascular  disease  may  also  be  included  resuscita- 
tion by  means  of  massage  of  the  heart  of  subjects  in 
whom  the  heart  has  stopped.  In  the  ultimate*  analysis 
this  method  of  treatment  rests  on  the  fact  that  the 
heart  acts  as  a  force-pump  and  that  the  pumping  action 
of  the  heart  muscle  can  be  replaced  for  a  time  by  that 
of  the  hand  of  the  operator.  More  specifically,  however, 
direct  massage  of  the  heart  was  first  practiced  by  Schiflf, 
who  by  this  method  succeeded  in  reviving  dogs  that  had 
been  killed  with  chloroform  (1874).  The  measure  was 
tried  in  the  clinic  six  years  later.^^ 

The  drug  treatment  of  diseases  of  the  circulation  has 

teen  incalculably  furthered  by  means  of  experiments  on 

■ 

24.  Quoted  by  Neuburger  and  Pagel:  Handbuch  der  Geschlchte 
der  Medizin.  Ui,  92. 

24.  Quoted  by  Neuburger  and  Pagel :  fiandbuch  der  Geschlchte 
der  Medizin,  Hi,  92. 

27.  Metcalf :  Boston  Med.  and  Surg.  Jour.,  1909,  clzi,  0. 
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animals,  while  many  of  our  most  useful  drugs  have  been 
discovered  in  experiments  which  were  based  on  a 
knowledge  of  the  physiology  of  the  circulation. 

The  medicinal  properties  of  digitalis,  the  most  valu- 
able of  heart  remedies,  were  known  to  the  laity  and  the 
drug  was  used  by  the  medical  profession  long  before  it 
was  investigated  in  the  laboratory.  "The  celebrated  work 
of  Withering  on  digitalis,  published  in  1785,  shows,^^ 
however,  "that  many  deaths  were  undoubtedly  due  to 
the  use  of  digitalis.  Indeed,  at  that  time  and  for  half 
a  century  thereafter  the  action  of  digitalis  on  the  heart 
and  blood  vessels  was  very  imperfectly  understood."^^ 
Traube^s  experiments  and  clinical  observations  on  the 
action  of  digitalis  did  much  to  increase  its  use  in  dis- 
ease.^® Without  going  into  this  subject  in  any  greater 
detail,  the  dependence  of  the  physician  on  practical 
facts  brought  to  light  by  means  of  animal  experimenta- 
tion may  be  shown  merely  by  giving,  in  the  words  of 
one  of  the  greatest  of  living  clinicians,  the  main  contra- 
indications to  the  use  of  digitalis:  "It  may  be  said 
broadly  to  be  contraindicated  in  all  forms  of  heart  dis- 
ease without  symptoms  of  muscle  weakness"  and  "in 
states  of  high  arterial  tension  .  .  .  "^®  The  physio- 
logic basis  of  these  physiologic  contraindications  is  so 
clear  as  to  require  no  comment  whatever. 

In  the  choice  of  a  heart  remedy  the  physician  has  like- 
wise to  be  guided  by  animal  experiments.  Both  digitalis 
and.  strophanthin,  for  example,  "act  on  the  heart  and 
on  the  blood-vessels,  but  in  different  degrees,  and  these 
differences  alone  determine  whether  one  or  the  other 
shall  be  used  in  a  given  condition.  Such  differences 
cannot  be  determined  except  by  means  of  animal  ex- 
periments.^® 

The  use  of  atropin  in  cases  of  overaction  of  the  vagus 
mechanism  is  likewise  based  entirely  on  experiments 
on  animals. 

'All  of  the  drugs  used  as  vasodilators,  such  as  nitro- 
glycerin and  amyl  nitrite,  have  been  discovered  by  ani- 
mal experiments  and  the  indications  for  their  use  in 
cardiovascular  disease  would  be  meaningless  in  the  ab- 
sence of  facts  brought  to  light  through  animal  experi- 
mentation.^®   Thus,  the  nitrites  were  introduced  into 

28.  Hatcher :  Pub.  Med.  Soc.  State  of  New  York,  1909. 

29.  Ziemssen  :  Handbuch  der  speciellen  Pathologie,  etc.,  1879,  vl. 

30.  Osier  and  Gibson :  Modern  Medicine,  p.  261. 
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therapeutics  by  the  animal  experimenter,  Brunton,  "who 
advised  their  use  in  angina  pectoris  to  relieve  spasm  of 
the  arteries/^  ^^esides,  in  angina  pectoris  the  nitrites 
may  be  used  in  any  condition  in  which  it  is  supposed 
the  arterial  tension  may  be  lowered  with  benefit  to  the 
economy/^  as  in  certain  cases  of  hjrpertension,  or  in  com- 
bination with  digitalis  when,  in  cases  of  failing  heart, 
the  vasoconstrictor  action  of  the  latter  might  embarrass 
the  already  overtaxed  heart.^^ 

The  vasoconstrictor  adrenalin,  one  of  the  most  valu- 
able of  recently  discovered  drugs,  was  brought  to  light 
through  animal  experimentation.^^  Indeed  this  state- 
ment is  true  of  other  drugs,  too  numerous  to  be  men- 
tioned here. 

Animal  experimentation  on  the  circulation  has  also 
proved  of  value  in  the  standardization  of  cardiovascular 
remedies.  It  is  by  that  method  alone  that  the  physio- 
logic activity  of  digitalis  and  strophanthus  preparations, 
for  example,  can 'be  determined,  it  is  by  that  method 
alone  that  the  physician  can  be  supplied  with  digitalis 
and  strophanthus  preparations  which  will  be  of  uniform 
strength  and  on  which  he  can  positively  rely.^^ 

The  treatment  of  surgical  diseases  of  the  heart  has 
been  incalculably  furthered — indeed  this  phase  of  medi- 
cine practically  has  been  opened — by  the  experimental 
development  of  methods  of  opening  the  thorax  under  a 
negative**  or. a  positive**^  pressure.  Nor  should  we  lose 
sight  of  the  fact  that  both  of  these  methods  have  as  their 
foundation  the  animal  experiments  of  Lower  and  of 
Haller,  which  were  the  means  of  laying  down  the  first 
principles  of  the  mechanics  of  respiration.*® 

THE  WIDE  INFLUENCE  OF  THE  DISCOVERY  OF  THE  CIRCU- 
LATION. 

Physicians  should  be  reminded  of  the  fact  that  the 
discovery  of  the  circulation  has  benefited  not  only  the 
specialist  in  diseases  of  the  circulation;  it  has  made  it- 
self felt  in  practically  every  branch  of  ph3'siology  and 

31.  Cushny:  Text-Book  of  Pharmacology  and  Therapeutics,  1906. 

32.  Oliyer  and  Schaefer :  Jour.  Physiol.,  1895,  xviii,  230. 

33.  Edmunds,  Charles  Wallis :  The  Standardization  of  Cardiac 
Remedies,  Thb  Joubnal  A.  M.  A.,  May  25,  1907,  xlviii,  1744. 

34.  Mttnchen.  med.  Wchnschr.,  1906,  liii,  1. 

35.  Deutsch.  med.  Wchnschr.,   1906,  p.  534. 

36.  Neuburger  and  Pagel :  Handbuch  der  Geschichte  der  Medizin, 
ii,  341  and  351. 
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through  these  branches  in  practically  every  branch 
of  medicine.  To  give  but  a  single  case  in  point.  The 
knowledge  of  the  circulation  as  acquired  through  animal 
experimentation  led  physiologists  to  study  function  m 
isolated  organs  kept  alive  by  means  of  an  artificial  cir- 
culation. Using  this  method  vw  Schroder,,  for  ex- 
ample, determined  the  role  of  the  kidneys  in  the  process 
of  urea  formation  and  elimination.^^  These  experi- 
ments, by  placing  the  treatment  of  diseases  of  the  kid- 
ney on  a  rational  basis,  have  been  of  incalculable  value 
tathe  clinician.  _, 

THE  LYMPHATIC  SYSTEM. 

The  lymphatic  system,  as  tributary  to  the  circulatory 
system,  should  perhaps  receive  a  word  of  notice  here. 
Briefly,  then,  it  may  be  said  that  in  this  connection  the 
physician  owes  everything  to  animal '  experimentation, 
since  the  lymphatics  were  discovered  by  Aselli  (16^2) 
in  8in  ^experiment  on  a  living  animal.^®' 

And,  it  may  furthermore  be  added,  one  of  the  chief 
practical  uses  to  which  the  lymphatics  are  put  by  the 
physician,  namely,  the  hypodermic  administration  of 
drugs,  suggested  itself  to  Wood  in  1855  through  con- 
templation of  an  animal  experiment  performed  by 
Miiller.«» 
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PREFACE 

It  is  not  too  much  to  say  that  Dr.  Keen,  of 
Philadelphia,  is  universally  regarded  to-day  in 
the  world  of  surgery  as  the  foremost  of  living 
American  surgeons.  The  leading  universities 
and  academies  of  science  of  the  United  States, 
England,  France  and  Germany  have  honored 
him  with  their  degrees  and  honorary  titles, 
and  the  published  works  on  surgery,  written 
and  edited  by  him,  are  accepted  as 'standard 
authorities  by  the  profession  in  which  he  has 
gained  such  eminent  distinction.  Dr.  Keen  is, 
therefore,  as  well,  if  not  better,  qualified  to 
to  present  the  advantages  of  vivisection  as  any 
American  writer  on  the  subject. — The  Edi- 
tors of  the  Ladies'  Home  Journal. 

In  1905  I  "had  made  all  my  arrangements  to  do  an 
operation  on  a  Thursday  morning.  Among  my  assist- 
ants was  Dr.  C.  On  Wednesday  morning  he  telephoned 
and  said  he  was  not  feeling  very  well  and  that  I  had 
better  engage  some  one  to  take  his  place.  This  I  did, 
giving  no  special  thought  to  the  matter,  supposing  it 
was  an  unimportant  passing  ilhiess.  At  ten  o'clock 
that  same  night  I  was  startled  by  a  telephone  message 
that  if  I  wished  to  see  Dr.  C.  alive  I  must  come  at  once ! 
In  a  few  minutes  I  was  there,  but  he  was  already  un- 
conscious. As  I  sat  beside  him  and  his  weeping  young 
wife,  who  soon  expected  to  become  a  mother,  how  I 
longed  for  some  means  by  which  the  hand  of  death 
could  be  stayed;  but  he  died  in  less  than  thirty-six 

*  Reprinted,  by  permission  of  the  Editor,  from  the  Ladies'  Home 
Journal,  April,  1910. 


hours  from  the  time  that  he  was  seized  with  cerebro- 
spinal meningitis. 

On  June  16,  1909,  Charles  E.  Hughes,  Jr.,  son  of  the 
governor  of  New  York  State,  and  president  of  his  class, 
was  graduated  at  Brown  University.  A  few  weeks 
earlier  he  had  been  suddenly  seized  with  a  violent  at- 
tack of  the  same  disease — cerebrospinal  meningitis. 
When  some  of  the  fluid  around  his  spinal  cord  was  re- 
moved by  "lumbar  puncture^' — that  is,  puncture  of  the 
spinal  canal  in  the  small  of  the  back  by  a  hypodermic 
needle — ^there  settled  to  the  bottom  of  the  test-tube  a 
half  inch  of  pure  pus  ("matter'^).  No  medical  man 
familiar  with  this  terrible  disease  would  have  thought 
it  possible  that  he  could  recover  when  such  a  condition 
existed.  But  in  1907,  midway  between  the  death  of 
Dr.  C.  and  the  case  of  young  Hughes,  Drs.  Flexner  and 
Jobling,  of  the  Eockefeller  Institute,  had  discovered 
by  researches  on  animals  alone  a  serum  against  this 
disease.  Three  doses  of  this  serum  were  administered 
also  by  "lumbar  puncture"  to  young  Hughes.  Within 
twenty-four  hours  after  the  first  dose  his  temperature 
fell  to  normal.  The  pus  disappeared  after  the  second 
dose  and  he  soon  recovered  and  was  able  to  take  his 
degree  in  the  presence  of  his  proud  father.  The  trag- 
edy in  the  case  of  Dr.  C.  was  averted,  a  useful  life  was 
spLed,  and  a  family  made  happy. 

GREAT  DECREASE  IN  MORTALITY  FROM  CEREBROSPINAL 

MENINGITIS 

In  discovering  this  serum  Dr.  Flexner 'experimented 
on  twenty-five  monkeys  and  one  hundred  guinea-pigs. 
Many  of  these  animals  themselves  had  been  cured  by 
the  use  of  the  serum.  Having,  therefore,  found  it  ef- 
fective in  animals  he  proceeded  to  test  it  on  human  be- 
ings. Before  the  introduction  of  the  serum,  medicine 
was  almost  helpless.  Whatever  treatment  was  adopted 
seventy-five  to  ninety  patients  out  of  one  hundred  were 
sure  to  die.  In  two  years  this  serum  has  been  used  in 
this  country  and  in  Europe  in  about  one  thousand  cases. 
In  these  one  thousand  cases  the  mortality  has  dropped 
to  thirty,  twenty,  ten,  and  even  to  seven  id  a  hundred. 
If  we  take  the  mortality  of  the  days  before  the  serum 
treatment  was  used  at  75  per  cent.,  and  the  mortality 
since  it  was  discovered  at  25  per  cent.,  there  is  a  clear 
saving  of  500  human  lives! 


Not  only  have  500  human  lives  been  saved  in  these 
first  one  thousand  eases,  but  for  all  time  to  come  in 
every  thousand  500  more  human  lives  will  be  saved. 

Moreover,  we  must  not  forget  that  these  thousands 
who  would  die  were  it  not  for  Dr.  Flexner's  serum  had 
families  and  friends  who  would  have  been  filled  with 
sorrow,  and,  in  ease  it  was  the  breadwinner  of  the  fam- 
ily whose  life  was  lost,  would  have  had  to  suffer  the 
deprivations  and  pangs  of  poverty. 

Let  me  now  put  a  plain,  straightforward,  common- 
sense  question.  Which  was  the  more  cruel:  Doctor 
Flexner  and  his  assistants  who  operated  on  twenty-five 
monkeys  and  one  hundred  guinea-pigs  with  the  pure 
and  holy  purpose  of  finding  an  antidote  to  a  deadly 
disease  and  with  the  result  of  saving  hundreds,  and,  ii; 
the  future,  of  thousands  on  thousands  of  human  lives; 
or  the  women  who  were  "fanned  into  fury"  in  their  op- 
position to  all  experiments  on  living  animals  at  the 
Eockefeller  Institute,  "no  matter  how  great  the  antici- 
pated benefit"? 

If  these  misguided  women  had  had  their  way  they 
would  have  nailed  up  the  doors  of  the  Rockefeller  In- 
stitute, would  have  prevented  these  experiments  on  125 
animals,  and  by  doing  so  would  have  ruthlessly  con- 
demned to  death  for  all  future  time  500  human  beings 
in  every  one  thousand  attacked  by  cerebrospinal  menin- 
gitis ! 

If  your  son  or  daughter  falls  ill  with  this  disease  to 
whom  will  you  turn  for  help — to  Flexner  or  to  the  anti- 
vivisectionists  ? 

Of  these  one  hundred  and  twenty-five  animals,  as  a 
rule  those  which  died  became  unconscious  in  the  course 
of  a  few  hours  and  remained  so  for  a  few  hours  more 
till  they  died.  They  suffered  but  little.  When  they 
died  they  left  no  mourning  families  and  friends.  They 
left  undone  no  deeds  of  service  or  of  heroism  to  either 
their  fellows  or  to  the  human  race,  as  the  human  beings 
whose  lives  were  rescued  by  their  death  may  do.  But 
these  deluded  women  had  their  minds  so  centered  on 
the  sufferings  of  these  one  hundred  and  twenty-five 
animals  that  their  ears  were  deaf  and  their  hearts 
steeled  against  the  woes  and  the  sufferings  of  thousands 
of  human  beings,  their  families,  and  their  friends.  Is 
this  common-sense?  Are  not  human  beings  "of  more 
value  than  many  sparrows"? 


EXPERIMENTS   IN    SEWING  BLOOIK-VESSELS   END-TO-END 

Less  than  two  years  ago  their  first  baby  was  born  to 
a  young  doctor  and  his  wife  in  New  York  City. 
Scarcely  was  the  child  bom  before  it  began  to  bleed 
from  the  nose,  the  mouth,  the  gums,  the  stomach  and 
the  bowels.  It  was  a  case  which  we  known  as  ^hemor- 
rhage of  the  newborn,"  which  attacks  about  one  baby 
in  every  thousand.  It  is  very  frequently  fatal,  and  in 
treating  it  up  to  that  time  physicians  practically  groped 
in  the  dark,  trying  one  remedy  after  another,  but,  alas, 
too  often  in  vain ! 

The  bleeding  continued.  This  poor  little  baby  soon 
showed  the  pallor  which  accompanies  severe  loss  of 
blood.  It  lost  all  appetite,  was  suffering  from  high 
fever,  and,  finally,  by  the  fourth  day  the  physician  in 
attendance  told  the  parents  frankly  that  the  child  could 
live  only  a  few  hours.  Then,  in  the  dead  of  the  night 
the  father  wakened  Dr.  Carrel,  one  of  the  assistants  in 
the  Eockefeller  Institute.  The  father  lay  down  along- 
side of  his  firstborn.  The  artery  of  the  pulse  in  the 
father's  arm  was  laid  bare  and  sewed  end-to-end  to  a 
vein  in  his  baby's  leg,  and  the  blood  was  allowed  to  flow 
from  father  to  child.  The  result  was  most  dramatic. 
A  few  minutes  after  the  blood  began  to  flow  into  the 
baby's  veins,  its  white,  transparent  skin  assumed  the 
ruddy  glow  of  health,  the  hemorrhage  from  every  part 
of  the  body  ceased  instantly  and  never  returned,  and, 
as  Dr.  Samuel  Lambert,  who  reports  the  case,  puts  it, 
there  was  no  period  of  convalescene ;  immediately  before 
the  operation  the  baby  was  dying;  immediately  after  the 
operation  it  was  well  and  strong  and  feeding  with  avid- 
ity. That  baby  to-day,  after  two  years,  as  I  know  per- 
sonally, is  a  splendid  specimen  of  a  healthy  child. 

Perhaps  my  readers  may  see  nothing  very  wonderful 
in  this,  but  we  surgeons  know  that  it  is  one  of  the  most 
remarkable  recent  achievements  in  surgery.  For  many 
years  we  have  been  trying  to  devise  a  method  by  which 
we  could  sew  severed  blood-vessels  end-to-end  without 
danger  to  the  patient.  The  diflBculty  has  always  been 
that,  no  matter  what  were  the  methods  employed,  the 
blood  nearly  always  formed  clots  at  the  roughened  ring 
where  the  two  ends  of  the  divided  blood-vessel  were 
sewed  together.  These  clots  passed  up  to  the  heart  and 
into  the  lungs  of  the  patient  and  produced  pneumonia, 
so  that  the  old  method  of  transfusion  of  blood  has  been 


practically  abandoned  for  years.  Dr.  Carrel  worked 
out  his  new  method  on  the  blood-vessels  of  dead  human 
beings,  and,  when  it  seemed  to  him  to  be  satisfactory, 
put  it  to  the  proof  on  two  living  dogs,  and  then  used  it 
in  living  human  beings.    It  is  now  in  use  everywhere. 

Moreover,  Dr.  Crile,  of  Cleveland,  who  has  so  splen- 
didly enlarged  our  means  of  coping  with  disease,  has 
used  the  same  method  in  another  way.  When  patients 
come  to  him  too  weak  to  be  operated  on  and  ordinary 
tonics  and  food  do  not  strengthen  them,  he  has  trans- 
fused the  blood  from  husband,  father  or  son,  and  thus 
given  the  patient  sufficient  strength  to  bear  the  opera- 
tion. He  has  used  even  a  more  striking  method.  For 
example  when  a  woman  has  to  be  operated  on — say  for 
cancer  of  the  breast — and  is  so  weak  that  the  shock,  the 
anesthetic  and  the  loss  of  blood  would  probably  turn 
the  scale  against  her,  he  has  had  the  husband  lie  down 
alongside  of  her,  has  sewed  the  artery  of  the  pulse  of 
the  husband  to  a  vein  in  his  wife's  leg  and  allowed  the 
blood  to  flow.  In  a  few  minutes,  when  she  has  become 
strong  enough,  he  has  etherized  her  and  proceeded  with 
the  operation,  starting  or  stopping  the  flow  of  blood 
according  to  the  varying  needs  of  the  patient.  At  the 
end  of  the  operation,  through  the  new  life-blood  that 
has  been  given  her,  ihe  patient  has  been  in  better  con- 
dition than  when  the  operation  began.  These  methods, 
too,  are  now  in  successful  use  by  other  surgeons. 

Let  me  again  put  the  plain,  straightforward,  com- 
mon-sense question:  Who  is  the  more  cruel:  Dr.  Car- 
rel, in  devising  this  life-saving  method  of  transfusion 
of  blood  by  experimenting  on  two  living  dogs,  and  sav- 
ing through  himself  and  other  surgeons  scores  of  lives 
already,  and  even  thousands  in  ttie  future;  or  the 
women  who  would  shackle  him,  shut  up  the  Eockefeller 
Institute  and  thrust  these  poor  patients  into  their 
graves?  Does  not  the  work  of  Drs.  Flexner,  Jobling 
and  Carrel  and  their  assistants  not  only  justify  the  ex- 
istence of  the  Eockefeller  Institute,  but  also  bid  us  tell 
them  Godspeed  in  their  mission  of  mercy,  and  give 
them  and  those  engaged  in  similar  blessed  work  all 
over  the  world  our  confidence,  encouragement  and  aid? 
Is  it  just,  is  it  fair,  is  it  Christian  to  call  such  an  insti- 
tution a  ^Tiell  at  close  range,''  as  the  Eockefeller  Insti- 
tute is  called  in  a  pamphlet  written  by  a  woman  and 
distributed  by  antivivisectionists  ? 
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ANTISEPTIC   EXPERIMENTS  WERE  FIRST  TRIED  ON 

ANIMALS 

I  suppose  that  in  this  day  of  general  intelligence 
scarcely  any  person,  if  he  or  she  had  to  submit  to  an 
operation,  would  be  willing  to  have  it  done  by  a  sur- 
geon who  did  not  use  antiseptic  methods.  These 
methods  we  owe  to  Lord  Lister  of  London,  still  living 
in  his  eighty-third  year.  Few  pf  my  readers,  however, 
know  how  enormous  the  contrast  is  between  the  days 
before  Lister's  discoveries  and  the  present.  I  was  grad- 
uated in  medicine  in  1862.  The  antiseptic  method  was 
adopted  by  various  surgeons,  we  may  say  roughly,  be- 
tween the  years  1875  and  1880.  Prior  to  1876  I  prac- 
ticed the  old  surgery,  but  ever  since  then  the  new  anti- 
septic method.  I  passed  through  the  horrible  surgery 
of  the  Civil  War,  when  blood-poisoning,  erysipelas,  lock- 
jaw, hospital  gangrene  and  all  the  other  fearful  septic 
conditions  were  6very-day  affairs.  In  five  hundred  and 
five  cases  of  lockjaw  during  the  Civil  War  four  hundred 
and  fifty-one  patients  died.  In  wounds  of  the  intestines 
the  mortality  was  ninety-nine  out  of  a  hundred.  In 
sixty-six  cases  of  amputation  at  the  hip-joint  fifty-five 
patients  died.  In  one  hundred  and  fifty-five  cases  of 
trephining  ninety-five  patients  died.  After  the  war  for 
some  years  I  was  an  assistant  of  Dr.  Washington  L. 
Atlee.  A  more  careful  surgeon  I  never  saw,  but  two  out 
of  every  three  of  his  patients  died.  There  are  now  many 
surgeons  who  can  show  series  of  hundreds  and  even 
thousands  of  cases  of  ovariotomy  and  other  abdominal 
operations  with  a  mortality  of  only  five  in  a  hundred, 
and  some  of  only  one  in  a  hundred.  After  ^^clean'^  oper- 
ations— that  is,  with  no  "matter'^  present — ^blood-poison- 
ing, lockjaw  and  erysipelas  are  well-nigh  unknown,  and 
I  have  not  seen  a  single  case  of  hospital  gangrene  in  the 
thirty-five  years  since  I  adopted  the  antiseptic  method. 

One  of  the  most  common  operations  is  amputation  of 
the  breast  for  cancer,  in  which  now  we  do  far  more  ex- 
tensive operations  than  formerly.  These  operations  are 
followed  by  permanent  cure  in  more  than  one-half  of 
the  patients  operated  on  early,  and  rarely  more  than  one 
or  two  women  in  every  hundred  die.  Recovery  also  fol- 
lows in  a  few  days  and  not  seldom  with  but  little  pain, 
instead  of  several  weeks  or  even  months  of  great  suffer- 
ing as  before  the  days  of  antisepsis. 
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All  of  this  wonderful  improvement  we  owe  to  Lord 
Lister  and  the  new  science  of  bacteriology  which  treats 
of  ^TDacteria^'  or  "germs/'  Both  Lister's  work  and  that 
of  the  bacteriologist  are  and  must  be  absolutely  founded 
finally  on  experiments  on  animals.  The  laboratory  was 
of  use,  but,  in  order  to  be  absolutely  certain  that  he  was 
right  he  had  to  experiment  on  a  few  animals — the  only 
possible  way  of  achieving  positive  knowledge. 

Who,  I  ask,  are  the  more  humane:  Lord  Lister  and 
other  surgeons  who  have  made  these  life-giving,  pain- 
saving  experiments  on  animals,  or  those  who — if  they 
had  succeeded  in  the  past  in  prohibiting  such  experi- 
ments— would  have  compelled  surgeons  in  1910  to  con- 
tinue to  use  the  same  old,  horrible,  dirty  methods  of 
surgery  as  in  the  days  before  Lister,  and  thus  to  offer 
up  hecatombs  of  human  lives  to  the  Moloch  of  antivivi- 
section?  Which  method  will  any  man  of  common  sense 
or  any  woman  with  a  human  heart  choose  ? 

HOW  THE  SCOURGE  OF  MOTHERHOOD  HAS  BEEN  BANISHED 

Even  in  surgery  it  is  doubtful  if  a  more  wonderful  im- 
provement has  been  realized  than  in  our  maternity  hospi- 
tals and  in  private  obstetric  practice  as  a  direct  result 
of  the  work  of  Pasteur  and  Lister.  Well  do  I  remember 
as  a  young  man  every  now  and  then  an  outbreak  of  that 
frightful  and  fatal  puerperal  or  "child-bed''  fever  in  our 
maternity  hospitals.  Almost  every  woman  who  then  en- 
tered such  a  hospital  was  doomed  to  suffer  an  attack  of 
the  fever,  and  its  mortality  sometimes  ran  up  to  seventy- 
five,  or  even  more,  out  of  every  hundred  mothers.  Often 
such  hospitals  had  to  be  closed  till  the  then  unknown 
poison  disappeared.  Not  a  few  obstetricians  had  to  quit 
practice  entirely  for  weeks  because  every  woman  they  at- 
tended fell  ill  of  the  disease  and  many,  many  died.  Pin- 
ally  Pasteur  appeared  on  the  field.  In  1878,  in  a  discus- 
sion on  puerperal  fever  at  the  Paris  Academy  of  Medi- 
cine, after  a  member  had  eloquently  discussed  various 
alleged  causes  of  these  epidemics,  Pasteur  interrupted 
him  and  said :  "All  this  has  nothing  to  do  with  the  cause 
of  these  epidemics.  It  is  the  doctors  who  transport  the 
microbe  from  a  sick  woman  to  a  healthy  woman."  When 
the  speaker  responded  that  he  feared  they  would  never 
find  this  microbe  Pasteur  immediately  advanced  to  the 
blackboard,  drew  the  picture  of  what  we  know  as  the 
"streptococcus"  and  said:     "This  is  the  cause  of  the 
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disease/^  This  recognition  of  the  streptococcus  as  the 
cause  of  puerperal  fever  and  the  consequent  adoption 
of  antiseptic  methods  have  practically  abolished  puer- 
peral fever  and  reduced  the  mortality  in  maternity  cases 
to  less  than  one  in  a  hundred. 

All  this  we  owe  absolutely  to  experiment  on  animals. 
Nothing  else  could  have  given  us  the  knowledge.  Even 
the  horrible  experiments  that  were  being  made  by  doc- 
tors who  were  ignorantly  spreading  the  poison  all 
around  them,  even  these  were  not  sufficient  to  open  our 
eyes  to  the  real  cause  of  the  disease.  The  laboratory 
test-tubes  and  experiments  on  animals  were  the  chief 
means  by  which  this  scourge  of  motherhood  has  been 
banished. 

EXPERIMENTS  ON  MAN  HAVE  VANQUISHED  YELLOW 

FEVER 

In  addition  to  all  these  another  fearful,  disease,  yel- 
low fever,  has  also  been  abolished  by  experiment  which 
was  necessary  for  the  final  convincing  proof.  I  need 
not  repeat  at  length  the  frightful  ravages  of  this  ter- 
rible pestilence  in  days  gone  by.  Cuba  was  never  free 
from  it  for  nearly  two  centuries  until  the  American 
Commission  showed  how  to  get  rid  of  it.  The  Panama 
Canal  Zone  had  perhaps  the  worst  reputation  in  the 
world  as  a  graveyard  for  strangers,  and  now  for  foui 
years  not  a  single  case  of  yellow  fever  has  originated 
there!  Colonel  Gorgas  has  made  the  Panama  Canal  a 
possibility. 

I  wish  that  every  one  might  read  that  most  interest- 
ing little  book,  ^^alter  Reed  and  Yellow  Fever/'  by 
Dr.  Howard  A.  Kelly,  and  see  the  wonderful  methods 
by  which  this  scourge  of  humanity  has  been  abolished. 
When  one  thinks  of  the  enormous  difficulties  of  the 
problem  the  wonder  is  that  it  was  ever  solved.  There 
are  about  400  hundred  varieties  of  mosquito.  Only 
one  of  them  carries  the  poison  of  yellow  fever.  Of  this 
variety  only  the  female  carries  the  poison,  and  this 
female  mosquito  must  have  bitten  a  patient  sick  with 
yellow  fever  during  the  first  three  days  of  his  illness, 
or  she  could  not  become  infected.  Moreover,  after  in- 
fection, the  poison,  whatever  it  is,  does  not  develop  in 
the  body  of  the  female  mosquito  for  about  twelve  days. 
These  facts  were  thought  to  be  true,  but  there  was  no 
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psoaL  A  Tery  Jarge  number,  perhaps  the  ma- 
joriiy,  of  yellow-fever  experts  still  believed  ^Ehat  the 
disesase  was  carried  in  clothing,  bedding,  etc.  To  dis- 
prove this  experiments  were  tried  first  of  all  by  doctors 
on  themselves.  They  slept  in  the  beds  in  which  yellow- 
fever  patients  had  died,  and  in  their  very  clothes,  night 
after  jiight — clothes  soiled  with  their  black  vomit, 
urine  and  feces.  At  other  times  doctors  have  actually 
swallowed  the  black  vomit,  tried  to  inoculate  themselves 
by  putting  some  of  it  into  their  eyes,  by  hypodermic 
injections,  etc.,  in  the  vain  attempt  to  discover  the 
cause  of  the  disease  and  the  means  by  which  it  was 
spread,  hoping  in  this  way  to  discover  the  means  of 
preventing  it.  Surely  self-sacrifice  could  go  no  further. 
Yes,  it  could  go  further.  One  more  step  was  requisite. 
The  only  way  to  give  the  absolute  final  proof  was  for 
a  well  man  to  be  bitten  by  a  mosquito  known  to  be  in- 
fected. Dr.  Carroll,  of  the  United  States  Army,  was 
the  first  one  who  offered  himself.  Other  men  followed 
— doctors,  soldiers  and  others.  Several  lost  their  lives, 
among  them  Dr.  Lazear  at  the  beginning  of  a  most 
promising  career.  His  tablet  in  the  Johns  Hopkins 
Hospital,  in  the  fine  words  written  by  President  Eliot, 
records  that  "With  more  than  the  courage  and  the  de- 
votion of  the  soldier  he  risked  and  lost  his  life  to  show 
how  a  fearful  pestilence  is  communicated  and  how  its 
ravages  may  be  prevented." 

It  is  often  said  that  such  experimental  work  brutal- 
izes men.  Let  us  read  a  letter  from  Dr.  Eeed  to  his 
wife,  remembering,  also,  that  the  same  high  and  holy 
purposes  animate  Doctors  Flexner,  Carrol,  Crile  and 
other  experimenters: 

QuEMADO,  Cuba,  11:50  p.  m.,  Dec.  31,  1900. 

Only  ten  minutes  of  the  old  century  remain.  Here  have 
I  been  sitting,  reading  that  most  wonderful  book,  'XaRoche 
on  Yellow  Fever,"  written  in  1853.  Forty-seven  years  later 
it  has  been  permitted  to  me  and  my  assistants  to  lift  the 
impenetrable  veil  that  has  surrounded  the  causation  of  this 
most  wonderful,  dreadful  pest  of  humanity  and  to  put  it  on 
a  rational  and  scientific  basis.  I  thank  God  that  this  has 
been  accomplished  during  the  latter  days  of  the  old  century. 
May  its  cure  be  wrought  out  in  the  early  days  of  the  new! 
The  prayer  that  has  been  mine  for  twenty  years,  that  I  might 
be  permitted  in  some  way  or  at  some  time  to  do  something 
to  alleyiate  human  suffering,  has  been  granted! 
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This  prayer  of  Eeed — that  its  cure  might  be  wrought 
out  in  the  new,  the  twentieth  century — has  been  abund- 
antly realized  and  yellow  fever  is  now  a  vanquished  foe. 

Unfortunately,  the  lower  animals  cannot  be  infected 
with  yellow  fever.  If  they  could  be  Lazear  and  the 
other  victims  would  have  been  saved.  But  they,  yield- 
ing up  their  lives  as  leaders  of  a  forlorn  hope  in  the 
battle  against  disease,  have  made  it  possible  to  free  the 
world  from  this  dreadful  scourge.  Never  was  there  a 
finer  exhibition  of  courage! 

WHY  MODERN  SURGERY  IS  SUCCESSFUL  IN  BRAIN  DIS- 
ORDERS 

A  few  years  ago  I  was  called  to  Annapolis  to  see  a 
young  man  who  had  been  injured  in  a  football  game. 
He  was  evidently  swiftly  going  to  his  grave.  He  had 
certain  peculiar  symptoms,  which,  in  the  light  of  cere- 
bral localization — that  is,  the  fact  that  certain  definite 
portions  of  the  surface  of  the  brain  have  each  a  certain 
definite  function— ^I  believed  to  be  due  to  a  clot  of  blood 
inside  of  his  head  above  his  left  ear.  There  was  a  bruise, 
not  above  the  ear,  but  at  the  outer  end  of  the  left  eyebrow. 
Before  1885  I  should  have  opened  his  skull  under  the 
bruise — apparently  the  almost  certain  point  of  injury — 
would  have  failed  to  find  the  clot,  and  he  would  surely 
have  died.  Instead  of  this  I  made  a  trap-door  opening 
3  inches  away  from  this  bruise,  removed  nine  table- 
spoonfuls  of  clotted  blood,  closed  the  wound  so  that  his 
skull  was  as  firm  as  ever,  and  he  recovered,  continued 
his  studies,  was  graduated  from  the  Naval  Academy. 
Lately  he  has  heroically  given  up  his  life  at  the  call  of 
duty.  Had  it  not  been  for  experiments  on  animals 
which  had  definitely  fixed  certain  spots  in  the  brain  as 
the  centers  for  movements  of  the  hand,  arm,  shoulder, 
head,  face,  etc.,  it  would  have  been  utterly  impossible 
for  me  to  save  his  life.  This  is  but  one  of  hundreds  of 
similar  cases  in  which  modern  surgery  deals  with  tumors 
of  the  brain,  hemorrhage  inside  of  the  skull  and  many 
other  disorders,  and  deals  with  them  successfully. 

THE  GREAT  BLESSINGS  OF  ANTITOXIN  IN  DIPTHERIA 

I  have  heard  the  following  pitiful  story  from  one  of 
my  colleagues.  He  and  a  young  mother  stood  by  the 
bedside  of  her  only  child.  The  child,  in  the  throes  of 
diphtheria,  was  clutching    at    its    throat  and  gasping 
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vainly  for  breath.  Suddenly  the  mother  flung  herself 
on  the  floor  at  the  doctor^s  feet  in  an  agony  of  tears,  en- 
treating him  to  save  her  child.  But  alas !  it  was  impos- 
sible. Had  this  case  ocurred  a  few  years  later,  however, 
when  the  blessed  antitoxin  for  diphtheria  had  been  dis- 
covered (solely  by  animal  experimentation),  this  remedy 
would  have  been  given  early ;  and  almost  certainly  within 
a  few  hours  the  membrane  would  have  softened  and  dis- 
appeared, and  that  life,  precious  beyond  rubies,  might 
have  been  saved. 

In  those  early  dreadful  days  the  only,  comfort  we 
could  give  such  distracted  mothers — possibly  some  of 
them  may  read  these  very  lines — was  that  "it  was  God's 
will.''  Yes !  Then,  possibly,  it  was  God's  will ;  but  now, 
thank  God,  it  is  not  His  will.  One  might  as  well  say 
it  is  God's  will  that  thousands  should  die  from  small- 
pox when  vaccination  will  protect  them ;  that  other  thou- 
sands should  die  from  tjrphoid  fever  when  a  pure  water- 
supply  and  the  banishment  of  the  fly  will  prevent  it; 
that  thousands  of  women  should  die  from  puerperal 
fever  when  sterile  hands  and  sterile  instruments  will 
save  them! 

Let  me  give  a  table  of  some  oflScial  reports  showing 
in  nineteen  American  and  European  cities  the  mortality 
in  every  100,000  inhabitants  from  diphtheria  in  1894 — 
that  is  to  say,  before  the  use  of  the  antitoxin  of  diph- 
theria— and  in  1905,  when  its  use  had  become  general. 
Being  oflBcial  and  from  ninteen  cities  in  America  and 
Europe,  its  accuracy  can  hardly  be  assailed. 

'      TABLE    OP    MORTALITY    FROM    Dlf»HTHERIA 

Per  100,000  Inhabitants. 

1894.  1905. 

New  York 158  38 

PhUadelphla 128  32 

Baltimore 50  20 

Boston.    180  22 

Brooklyn 173  43 

Pittsburg:.    04  26 

London 66  12.2 

Paris 40  6 

Vienna.    114  19 

These  nine  and  ten  other  large  cities  taken  together 
average  as  follows;  in  1894,  79.9,  and  in  1905,  19,  per 
100,000  inhabitants — ^that  is  to  say,  in  these  nineteen 
cities  the  average  death  rate  in  1905  was  less  than  one- 
fourth  of  the  rate  before  the  introduction  of  the  serum 
treatment. 
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VIVISECTION    IS    NEVER   UNNECESSARILY    CRUEL 

The  alleged  atrocities  so  vividly  described  in  antivivi- 
section  literature  are  fine  instances  of  "yellow  journal- 
ism/^ and  the  quotations  from  medical  men  are  often 
misleading.  Thus,  Sir  Frederick  Treves,  the  eminent 
English  surgeon,  is  quoted  as  an  opponent  of  vivisection 
in  general.  In  spite  of  a  denial  published  seven  years 
ago  the  quotation  still  does  frequent  duty.  I  know  per- 
sonally and  intimately  Horsley,  Ferrier,  Carrel,  Flex- 
ner,  Crile,  Gushing  and  others,  and  I  do  not  know  men 
men  who  ara  kinder  and  more  lovable.  That  they  would 
be  guilty  of  deliberate  cruelty  I  would  no  more  believe 
than  that  my  own  brother  would  have  been. 

Moreover,  I  have  seen  their  experiments,  and  can  vouch 
personally  for  the  fact  that  they  give  to  these  animals 
exactly  the  same  care  that  I  do  to  a  human  being.  Were 
it  otherwise  their  experiments  would  fail  and  utterly 
discredit  them.  Whenever  an  operation  would  be  pain- 
ful an  anesthetic  is  always  given.  This  is  dictated  not 
only  by  humanity,  but  by  two  other  valid  considerations : 
first,  long  and  delicate  operations  cannot  be  done  prop- 
erly on  a  struggling,  fighting  animal  any  more  than  they 
could  be  done  on  a  struggling  fighting  human  being, 
and  so  again  their  experiments  would  be  failures;  and 
second,  should  any  one  try  an  experiment  without  giv- 
ing ether  he  would  soon  discover  that  dogs  have  teeth 
and  cats  have  claws.  Moreover,  it  will  surprise  many 
of  my  readers  to  learn  that  of  the  total  number  of  ex- 
periments done  in  one  year  in  England  97  per  cent, 
were  hypodermic  injections  and  only  3  per  cent,  could 
be  called  painful! 

If  any  one  will  read  the  report  of  the  recent  British 
Eoyal  commission  on  Vivisection  ^Tie  would  find,''  says 
Lord  Cromer,  "that  there  was  not  a  single  case  of  ex- 
treme and  unnecessary  cruelty  brought  forward  by  the 
Antivivisection  Society  which  did  not  hopelessly  break 
down  under  cross-examination.^' 

EXPERIMENTAL  RESEARCH   IS   OUR  DUTY 

In  view  of  what  I  have  written  above — and  many 
times  as  much  could  be  added — is  it  any  wonder  that 
I  believe  it  to  be  a  common-sense,  a  scientific,  a  moral 
and  a  Christian  duty  to  promote  experimental  research? 
To  hinder  it,  and,  still  more,  to  stop  it  would  be  a 
crime  against  the  human  race  itself,  and  also  against 
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animals,  which  have  benefited  ahnost  as  much  as  man 
from  these  experiments. 

What  do  our  antivivisection  friends  propose  as  a  sub- 
stitute? Nothing  except  clinical — that  is,  bedside — 
and  post-mortem  observations.  These  have  been  in  use 
for  two  thousand  years  and  have  not  given  us  results 
to  be  compared  for  a  moment  with  the  results  gained 
by  experimental  research  in  the  last  fifty,  or  even  the 
last  twenty-five  years. 

Finally,  compare  what  the  friends  and  the  foes  of 
research  have  done  within  my  own  professional  life- 
time. The  friends  of  research  have  given  us  antiseptic 
surgery  and  its  wonderful  results  in  every  region  and 
organ  of  the  body;  have  abolished,  or  nearly  abolished, 
lockjaw,  blood-poisoning,  erysipelas,  hydrophobia,  yel- 
low fever;  have  taught  us  how  to  make  maternity  al- 
most absolutely  safe;  how  to  reduce  the  mortality  of 
diphtheria  and  cerebrospinal  meningitis  to  one-fourth 
and  one-third  of  their  former  death-rate,  and  have 
saved  thousands  of  the  lower .  animals  from  their  own 
special  diseases. 

What  have  the  foes  of  research  done  for  humanity? 
Held  meetings,  called  the  friends  of  research  many  bad 
names  and  spread  many  false  and  misleading  state- 
ments. Not  one  disease  has  been  abolished,  not  one 
has  had  its  mortality  lessened,  not  a  single  human  life 
has  been  saved  by  anything  they  have  done.  On  the 
contrary,  had  they  had  their  way,  puerperal  fever  and 
the  other  hideous  diseases  named  above,  and  many 
others,  would  still  be  stalking  through  the  world,  slay- 
ing young  and  old,  right  and  left — and  the  antivivisec- 
tionists  would  rightly  be  charged  with  this  cruel  result. 
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Comparatively  few  diseases  of  man  are  readily  trans- 
mitted to  laboratory  animals.  In  plague,  however,  we 
have  an  infection  that  can  be  reproduced  in  many  of 
the  animals  ordinarily  used  for  experimental  purposes. 
The  question  then  arises  as  to  whether  we  know  more 
about  this  disease  than  we  do  about  infections  that  are 
less  readily  transmitted  to  animals,  and  those  that  thus 
far  have  not  been  studied  in  the  lower  animals.  In  re- 
ply it  may  be  pointed  out  how  much  more  accurate 
knowledge  we  have  of  the  essential  cause  of  plague 
epidemics  than  we  have  of  outbreaks  of  typhoid  fever, 
scarlet  fever,  measles,  typhus  fever  and  others  that 
might  be  mentioned.  When  plague  is  to  be  combated, 
there  need  be  no  speculation  as  to  the  source  of  the  in- 
fection. The  outbreaking  is  not  to  be  attributed  to 
such  vague  and  indefinite  sources  as  impure  air,  a  bad 
water  supply,  or  a  mysterious  contagious  influence;  but 
we  know  that  the  problem  is  the  simple  and  direct  one 
of  eliminating  the  infected  rodent.  Attention  may  be 
called  to  the  fact  that  fortified  by  our  knowledge  of 
this  disease,  much  of  which  has  been  gained  by  animal 
experimentation,  we  are  able  to  take  such  effective  mea- 
sures against  its  spread  that,  at  the  present  day,  plague 
in  a  community  may  be  promptly  controlled  and  even 
eradicated.  In  substantiation  of  this  statement,  the 
epidemics  that  have  occurred  at  various  times  in  the 
past  few  years  in  Oporto,  Rio  Janeiro,  Glasgow,  Liver- 
pool and  other  cities  abroad,  and  in  San  Francisco  and 
Seattle  in  the  United  States  may  be  cited.  It  is  not 
too  much  to  say  that  without  the  knowledge  of  the  dis- 
ease gaine;cl  from  animal  experimentation  these  sanitary 


victories  would  not  have  been  won.  It  is  quite  true  that, 
even  with  this  knowledge,  little  can  be  accomplished 
unless  we  have  the  intelligent  assistance  and  cooperation 
of  the  community  afflicted.  In  contrast  to  the  splendid 
achievements  in  the  cities  mentioned  we  may  cite  coun- 
tries where  plague  annually  claims  an  enormous  toll  of 
human  life ;  for  example,  India,  where  fanaticism  mani- 
fests itself  in  the  form  of  a  violent  antagonism  to  the 
sacrificing  of  lower  animals  for  any  purpose,  even  such 
a  laudable  one  as  the  suppression  of  a  disease  that  on 
several  occasions  has  claimed  over  one  million  victims 
per  year.  In  China,  there  is  no  such  antipathy  to  the 
taking  of  life  of  the  lower  animals,  but  there  is  found 
an  ignorance  and  apathy  most  effective  in  nullifying 
any  efforts  looking  to  an  improvement  of  sanitary  con- 
ditions and  surroundings. 

Our  knowledge  of  the  cause  of  plague  dates  from  the 
work  of  Yersin,^  and  of  Kitasato^  in  Hong  Kong. 
These  investigators,  working  independently,  discovered 
the  micro-organism  that  has  since  come  to  be  univers- 
ally recognized  as  the  cause  of  the  disease.  They  iso- 
lated the  organism  from  the  sick  and  from  the  bodies 
of  persons  who  had  died  of  the  disease.  The  opportu- 
nity of  reproducing  the  infection  in  laboratory  animals 
was  requisite  to  complete  the  chain  of  evidence  neces- 
sary to  establish  the  relation  of  the  germ  to  the  disease. 

Prior  to  the  work  of  the  investigators  mentioned, 
epidemics  of  plague  were  attributed  to  telluric  and  cli- 
matic conditions,  to  soil  infection  and  to  other  sources. 
As  a  result  of  these  erroneous  views,  intelligent  meas- 
ures looking  to  the  suppression  of -the  disease  were  im- 
possible. The  vigorous  quarantines  that  were  inaugura- 
ted, by  reason  of  the  hardship  they  inflicted,  defeated 
the  very  purpose  for  which  they  were  established. 

Since  the  discovery  of  the  actual  causative  agent  of 
the  disease.  Bacillus  pestis,  progress  in  solving  many  of 
the  problems  has  been  rapid,  and  it  may  be  asserted 
without  fear  of  contradiction  that  every  material  ad- 
vance has  been  made  possible  by  the  facts  demonstrated 
by  means  of  animal  experiments.  The  subject  will  be 
considered  first  in  the  more  important  aspect,  namely, 
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the  infected  rodent,  by  means  of  which  the  disease  is 
transferred  from  place  to  place  and  is  spread  in  com- 
munities; and  second,  in  relation  to  the  preventing  of 
the  infection  of  individuals  and  in  curing  the  sick. 

RELATION  OF  RODENTS  TO  PLAGUE 

Prior  to  the  discovery  of  the  organism  causing  the 
disease,  the  association  of  rat  epizootics  with  outbreaks 
of  human  plague  had  been  noted  by  several  observers. 
That  the  oft-cited  biblical  verses,^  which  mention  "eme- 
rods^'  and  "mice,"  really  referred  to  the  association  of 
plague  and  rats  cannot  be  demonstrated;  and  the  other 
early  records  are  also  the  subject  of  much  difference  of 
opinion.  The  actual  relation  between  the  disease  in 
rodents  and  that  in  man,  however,  had  never  been  estab- 
lished. It  was  most  important  to  prove  this  point,  and 
to  discover  the  actual  manner  in  which  the  disease  was 
spread  among  the  rodents,  and  if  possible,  the  manner 
in  which  man  was  infected  from  rodents.  To  these  prob- 
lems several  investigators  turned  their  attention.  It  is 
needless  to  point  out  that  these  questions  could  not  be 
settled  without  recourse  to  animal  experiments. 

The  earlier  workers  had  found  the  plague  bacillus  in 
the  bodies  of  insects  that  had  fed  on  the  blood  of  ani- 
mals sick  of  the  disease  but  it  remained  for  Simond*  to 
actually  convey  plague  from  one  animal  to  another  by 
means  of  insects  (fleas).  Simond  found  that  when 
fleas  were  placed  on  a  plague-infected  rat  they  drew 
blood  containing  the  plague  bacillus,  and  that  by  trans- 
ferring these  infected  fleas  to  a  healthy  rat  the  disease 
could  be  transmitted.  Subsequently  certain  observers 
failed  to  confirm  this  work,  but  as  is  so  often  demon- 
strated, one  properly  controlled  positive  result  is  of 
more  value  than  many  negative  ones.  Simond's  work 
was  confirmed  by  Verjbitski°  who  succeeded  in  trans- 
ferring the  infection  from  rodent  to  rodent  by  means  of 
fleas  and  other  insects.  Verjbitski's  results  were  veri- 
fied for  the  most  part  by  the  investigators  of  the  Advi- 
sory Committee  appointed  by  the  Secretary  of  State  for 
India,  the  Eoyal  Society  and  the  Lister  Institute.*  By 
means  of  an  extensive  series  of  experiments  these  ob- 
servers found  that  plague  infection  would  not  spread 
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among  rats  except  in  the  presence  of  fleas.  The  same 
fact  was  found  to  hold  good  in  the  case  of  guinea-pigs. 
In  other  words,  it  was  found  that  healthy  rats  and 
healthy  guinea-pigs  might  be  kept  in  close  contact  "wiHh 
plague  sick  rodents,  but  that  the  disease  was  never  trans- 
mitted to  the  well  ones  unless  fleas  were  present.  While 
this  evidence  was  of  great  value  in  throwing  light  on  the 
probable  mode  of  transmission  of  the  disease  from  rod- 
ents to  man,  or  possibly  from  man  to  man,  it  was  desira- 
ble to  conduct  experiments  with  animals  more  closely  re- 
lated to  human  beings,  and  for  this  purpose  monkeys 
were  used.''  The  monkeys  were  placed  in  cages  in  such 
a  way  as  to  simulate  so  far  as  possible  the  conditions 
under  which  man  might  be  brought  in  relation  to  fleas 
from  infected  rodents.  It  was  found  that  it  was  possi- 
ble in'  this  manner  to  convey  plague  to  the  monkeys. 

Other  most  instructive  and  interesting  experiments 
were  performed  by  placing  guinea-pigs  in  houses  where 
plague  cases  had  occurred,  or  where  plague  rats  had  been 
found.  Many  such  houses  were  found  to  be  infected  as 
was  shown  by  the  fact  that  the  guinea-pigs  died  of 
plague,  and  plague-infected  fleas  were  found  on  them. 
In  addition  to  these  animal  experiments,  epidemiologic 
observations  were  carried  out  which  together  with  the 
laboratory  observations  go  far  towards  showing  that,  at 
least  in  India,  the  great  majority  of  cases  of  plague  are 
due  to  infection  of  man  from  rats  through  rat  fleas. 

Part  of  the  work  of  this  committee  has  been  repeated 
by  Kitasato^  who  reaches  the  conclusion  that  in  Japan 
in  the  majority  of  cases  the  infection  is  conveyed  in  the 
same  way  as  in  India. 

It  may  be  thought  that  the  presence  of  an  epidemic 
among  rodents  under  natural  conditions  would  be  mani- 
fested by  so  large  a  mortality  among  these  animals  as 
at  once  to  make  manifest  the  presence  of  the  disease. 
Such,  however,  is  not  the  case;  it  is  exceptional  to  find 
a  death-rate  among  the  rodents  large  enough  to  attract 
the  attention  of  the  casual  observer.  With  the  exact 
knowledge  of  the  mode  of  the  conveyance  of  the  infec- 
tion and  its  relation  to  rats,  the  lines  along  which  work 
must  be  performed  to  control  an  epidemic  become  well 
defined. 
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The  demonstration  of  the  relation  of  the  disease  in 
man  to  that  in  the  rat,  and  the  mode  of  conveyance  from 
the  latter  to  the  former,  explain  many  of  the  facts  long 
known  about  plague  epidemics  such  as  the  lack  of  con- 
tagiousness, the  gradual,  almost  mysterious,  spread 
through  a  community  and  through  a  country. 

The  measures  for  the  control  of  a  plague  epidemic  do 
not  come  within  the  scope  of  this  paper,  but  we  may 
state  that  they  are  essentially  the  ridding  of  a  commun- 
ity of  infected  rats.  We  may  be  pardoned  for  emphasiz- 
ing here  what  has  been  so  often  pointed  out,  that  plague 
is  not  a  "filth  disease"  in  the  ordinary  sense  of  the  term. 
Plague  in  human  beings  is  definitely  associated  with  the 
same  disease  in  rodents,  and  ordinary  sanitary  measures 
have  comparatively  little  influence  on  its  sprea.d.  It 
can  be  controlled  and  prevented  only  by  measures 
directed  to  the  actual  cause,  the  infected  rodents. 

What  has  been  said  thus  far  refers  particularly  to  the 
bubonic  type  of  plague,  which  is  by  far  the  most  com- 
mon in  all  epidemics  and  in  all  countries.  The  pneu- 
monic type  of  the  infection  is  also  very  important,  espe- 
cially for  the  reason  that  it  is  directly  contagious  from 
person  to  person,  and  has  claimed  many  physicians  and 
nurses  for  its  victims.  This  type  of  the  disease  was 
described  by  the  German  plague  commission®  and  by 
Childe^®  and  its  origin  traced  to  the  same  micro-organ- 
ism that  is  responsible  for  the  more  common  bubonic 
type.  It  would  have  been  impossible  to  prove  that  the 
pneumonic  form  of  the  disease  was  due  to  the  plague 
bacillus  but  for  the  valuable  assistance  rendered  by  the 
methods  of  animal  inoculation.  Only  less  important 
than  the  relation  of  rat  plague  to  human  plague  is  the 
relation  of  plague  in  ground-squirrels  to  the  same  dis- 
ease in  man.  This  is  especially  true  in  America,  for  it 
is  established  beyond  question  that  cases  of  plague  in  hu- 
man beings  have  been  derived  from  ground-squirrel  in- 
fection.^^ It  would  have  been  impossible  to  prove  the 
presence  of  plague  among  ground-squirrels  on  the  Pa- 
cific Coast  without  resorting  to  animal  experiments. 
Who  would  have  accepted  the  diagnosis  of  squirrel  plague 
had  it  been  based  on  morphologic  and  cultural  studies 

alone?    Certainly  no  trained  observer  and  probably  no 
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intelligent  layman.  It  has  often  been  found  that  the 
demonstration  of  plague  in  laboratory  animals  carries 
to  the  mind  of  the  layman  a  conviction  that  nothing 
else  will. 

In  most  countries  and  in  most  communities  the  an- 
nouncement of  the  presence  of  plague  is  a  signal  for  a 
violent  denunciation  of  those  who  have  discovered  or  an- 
nounced the  presence  of  the  disease;  and  if  one  were 
compelled  to  rely  on  methods  of  investigation  other 
than  the  inoculation  of  animals  it  is  probable  that  skep- 
tics would  never  be  convinced.  It  is  most  gratifying, 
and  an  evidence  of  the  rapid  progress  in  sanitary  mat- 
ters, that  since  the  first  announcement  of  plague  among 
ground  squirrels  on  the  Pacific  coast^^  no  voice  has  been 
raised  to  question  the  diagnosis. 

Two  methods  of  inoculating  laboratory  animals  with 
plague  are  in  common  use.  The  one  is  by  the  use  of 
the  ordinary  hypodermic  syringe;  the  second,  usually 
known  as  "vaccination'^  or  Kolle's  method,  requires  sim- 
ply the  shaving  of  the  skin  and  the  rubbing  of  the  sus- 
pected tissue  or  culture  on  the  shaven  area.  Neither 
method  is  painful. 

Now  as  to  the  use  of  laboratory  animals  in  establish- 
ing the  diagnosis  of  plague  in  persons  or  in  rodents : 
In  the  majority  of  cases  of  plague  a  probable  diagnosis 
can  usually  be  made  by  clinical  and  microscopic 
methods;  but  in  other  cases  it  is  necessary  to  resort  to 
animal  inoculations.  Especially  in  the  case  of  plague 
in  rodents,  resort  to  animal  tests  frequently  becomiea  in- 
dispensable, as  the  tissues  are  apt  to  be  invaded  by 
other  micro-organisms  which  speedily  outgrow  the  plague 
bacillus  so  that  methods  other  than  the  inoculation  of 
animals  are  likely  to  fail.  It  is  obvious  that  in  order 
that  measures  looking  to  the  protection  of  persons  may 
be  taken,  a  positive  diagnosis  is  essential. 

Animal  experimentation  is  the  only  means  at  our 
disposal  for  determining  the  species  that  are  susceptible 
to  the  disease,  and  thus  learning  which  animals  must 
be  regarded  with  suspicion  and  which  may  be  eliminated 
from  consideration  as  possible  agents  in  spreading  the 
disease.    This  may  be  illustrated  by  two  examples: 

The  first  relates  to  the  gopher,  a  very  common  rodent. 
When  the  squirrel-plague  campaign  was  begun  on  the 
Pacific  coast,  the  question  arose  as  to  whether  it  was 
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necessary  to  destroy  gophers  as  well  as  ground-squirrels. 
As  a  result  of  certain  experiments  that  had  previously 
been  made  with  gophers  at  the  Plague  Laboratory,  it 
was  proved  that  the  susceptibility  of  these  rodents  was 
so  slight  as  to  make  it  unlikely  that  any  measures  would 
need  to  be  taken  against  them.  Thus  the  lives  of  many 
of  the  little  animals  were  spared  without  in  any  way 
lessening  the  value  of  the  work  from  a  sanitary  point 
of  view.  It  is  only  fair  to  say  that  farmers  probably 
would  have  been  much  better  satisfied  had  we  not  in- 
tervened in  behalf  of  the  little  nuisances  that  are  so 
destructive  to  certain  crops. 

Another  field  of  usefulness  of  animal  experimentation 
in  relation  to  plague  is  illustrated  by  the  following :  In 
1903,  Simpson,  a  well-known  student  of  the  disease, 
made  the  assertion  that  the  domestic  animals  and  fowls 
found  in  Hong  Kong,  the  meat  of  which  was  used  for 
food,  were  susceptible  to  plague  infection,  and  in  his 
opinion  constituted  a  possible  source  of  danger.  The 
determination  of  the  facts  in  the  case  was  obviously  a 
matter  o*f  the  greatest  importance,  and  other  workers 
took  up  the  subject  with  the  result  that  Simpson^s  find- 
ings were  discredited^^  and  a  source  of  confusion  and 
error  was  eliminated.  It  would  have  been  out  of  the 
question  to  disprove  definitely  the  erroneous  statements 
without  recourse  to  animal  experiments. 

Another  field  of  usefulness  of  animal  investigation  in 
relation  to  plague  is  the  search  for  a  biologic  agent  that 
will  cause  an  epizootic  among  rodents  that  will  extermi- 
nate these  pests  but  will  not  harm  human  beings  or  use- 
ful domestic  animals.  Unfortunately,  up  to  the  present 
time  nothing  fulfilling  the  requirements  has  been  found. 
The  usefulness  of  such  agents  can  be  determined  only 
by  conducting  feeding  experiments  with  rats  and  other 
rodents.  The  layman  is  very  likely  to  be  misled  by  the 
glowing  advertisements  of  the  biologic  products  that  are 
on  the  market,  and  if  they  are  used  on  a  large  scale 
with  unfavorable  results,  a  false  sense  of  security  is  en- 
gendered and  money  is  wasted  that  could  have  been 
spent  profitably  in  other  ways. 

In  tiie  consideration  of  the  relation  of  animal  experi- ' 
mentation  to  the  plague  question,  one  must  never  lose 
sight  of  the  fact  that  large  numbers  of  rodents  suffer 
from  the  disease  in  nature,  and  it  is  certainly  no  exag- 
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geration  to  say  that  for  each  rat,  guinea-pig  or  squirrel 
that  has  succumbed  to  the  disease  as  a  result  of  experi- 
mental inoculations,  thousands  of  rodents  have  died  of 
the  same  disease  under  natural  conditions.  The  animal 
infected  in  the  laboratory  dies  in  peace  and  perhaps  has 
his  sufferings  cut  short  by  the  merciful  use  of  an  an- 
esthetic, while  his  brother  infected  in  the  ordinary 
course  of  events  in  nature  is  very  apt  to  have  his  suffer 
ings  cut  short  only  by  the  less  merciful  attentions  of 
his  cannibalistic  comrades. 

To  follow  to  a  logical  conclusion  the  doctrine  that 
animals  should  not  suffer  for  the  benefit  of  mankind 
would  effectually  put  an  end  to  the  warfare  against 
rodents;  not  only  that  conducted  as  a  measure  against 
disease,  but  as  well  that  conducted  by  almost  everyone 
on  purely  economic  grounds.  Traps  and  poisons  are  not 
merciful  in  their  effects,  and  those  who  deplore  the  sacri- 
fice of  animal  life  made  necessary  by  the  advance  of 
science  would  probably  not  hesitate  to  take  measures 
looking  to  the  destruction  of  the  rat  that  has  the  pantry 
or  the  granary  for  the  field  of  his  activities. 

PROPHYLAXIS    AND    TREATMENT 

The  matter  of  prophylactic  measures  that  may  be 
used  to  prevent  plague  infection  or  reduce  the  liability 
to  it  are  clearly  of  great  importance.  The  question  of 
artificial  immunization  to  plague  is  a  subject  that  has 
received  the  attention  of  a  number  of  observers.  Haff- 
kine's  work  along  this  line  has  given  us  a  valuable 
weapon  in  the  combating  of  plague.  He  injects  killed 
cultures  of  the  plague  bacillus  into  persons  with  the  ob- 
ject of  creating  a  degree  of  immunity  to  the  disease  that 
would  enable  one  to  resist  the  invasion  of  the  infecting 
organism.  The  method  has  been  widely  used  in  India 
and  less  extensively  elsewhere.  There  is  some  difference 
of  opinion  as  to  the  value  of  the  procedure,  but  there 
is  a  very  general  agreement  that  no  harm  is  done  when 
the  prophylactic  is  used  with  proper  care.  An  unfortu- 
nate accident  which  occurred  in  connection  with  the 
.use  of  Haffkine^s  prophylactic  has  materially  interfered 
with  its  wider  use.  This  accident  was  the  infection  of 
a  number  of  persons  with  tetanus  at  the  time  of  inocula- 
tion. The  matter  was  made  the  subject  of  a  rigid  in- 
vestigation and  the  evidence  indicated  that  the  tetanus 
was  due  to  the  accidental  contamination  of  a  vial  of  the 
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prophylactic  while  the  latter  was  being  prepared  for  use 
by  a  native  assistant.  Even  had  the  accident  been  due 
to  the  improper  preparation  of  the  agent  it  simply  would 
have  pointed  out  the  necessity  for  the  utmost  care  in  the 
manufacture  of  the  prophylactic. 

Haffkine  ajid  Bannerman^*  in  reviewing  the  work 
with  Haffkine's  prophylactic  show  clearly  that  there  is 
a  much  reduced  case  incidence  among  the  inoculated, 
and  a  startling  reduction  in  the  mortality  of  those  in 
whom  inoculation  has  failed  to  prevent  infection.  A 
particularly  striking  series  of  cases  reported  by  Haff- 
kine^°  is  that  of  a  large  series  of  numbered  prisoners 
who  /Were  confined  in  a  jail  where  plague  prevailed. 
Those  who  bore  even  numbers  were  inoculated,  while  • 
those  having  odd  numbers  were  not  inoculated.  Among 
the  uninoculated  there  occurred  ten  cases  of  plague,  six 
of  which  were  fatal;  while  among  the  inoculated  there 
were  three  cases,  all  very  mild  and  all  of  the  patients 
recovered.  Other  series  of  almost  equally  striking  cases 
might  be  cited.  Forsyth,^®  in  an  analysis  of  the  figures 
of  many  thousands  of  cases,  shows  that  the  plague  inci- 
dence among  the  inoculated  was  less  than  one-third  of 
that  among  the  uninoculated,  while  the  mortality  among 
those  who  had  received  the  prophylactic  was  only  17 
per  cent.;  and  among  those  who  had  had  no  previous 
treatment  it  was  45  per  cent.  In  other  words,  the 
chances  of  dying  of  plague  were  about  eight  times  as 
great  for  those  who  had  not  received  the  prophjiactic 
treatment.  Numerous  other  reports  of  the  same  tenor 
might  be  adduced  to  demonstrate  the  value  of  the  mea- 
sure. 

Strong^^  advocates  the  use  of  living  but  attenuated 
cultures  of  the  plague  bacillus  for  the  purpose  of  im- 
munizing persons.  This  method  has  not  been  largely 
used,  but  the  evidence  that  exists  is  in  favor  of  the  pro- 
cedure. 

The  whole  subject  of  artificial  immunization  has  been 
developed  in  relation  to  plague  as  well  as  in  relation  to 
other  diseases  by  means  of  experiments  on  lower  ani- 
mals, especially  rats  and  guinea-pigs. 

Now  let  us  state  very  briefly  what  animal  experi- 
mentation has  enabled  us  to  do  for  the  person  actually 
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stricken  with  the  disease.  In  1895  Yersin,  Calmette 
and  Borrel^®  found  that  aiter  animals  were  injected 
with  killed  cultures  of  the  plague  bacillus,  the  serum 
of  the  animals  so  treated  acquired  the  power  of  pre- 
venting the  development  of  plague  in  animals  that  were 
simultaneously  infected,  and  in  curing  animals  already 
sick.  The  serum  for  this  purpose  is  now  on  the  market 
as  an  article  of  commerce.  It  has  been  used  in  thou- 
sands of  cases  of  the  disease  in  all  parts  of  the  world. 
There  is  a  general  agreement  of  opinion  that  when  ad- 
ministered in  sufficient  doses  and  sufficiently  early  in 
the  disease,  it  constitutes  a  very  efficient  remedy.  Un- 
fortunately the  cases  are  rarely  diagnosed  early  enough 
to  give  the  patient  the  full  benefit  of  the  serum. 
Chocksy^®  says: 

"Much  depends  on  the  early  and  free  use  of  the  serum.  In 
patients  injected  on  the  first  day  or  within  a  few  hours  of  the 
onset  of  the  symptoms  one  injection  of  100  c.c.  followed  by 
another  after  six  to  eight  hours  and  then  if  necessary  by  a 
third,  after  a  similar  interval  would  cut  short  the  attack  if 
the  case  be  not  pneumonic,  malignant  or  septicemic." 

There  is  very  good  reason  for  believing  that  with  the 
exception  of  the  use  of  the  serum,  treatment  has  scarcely 
any  influence  on  the  course  of  the  infection. 

Laboratory  animals  must  be  used  in  the  preparation 
and  the  testing  of  prophylactics  and  the  curative  serum. 
No  other  method  is  available,  and  to  prohibit  animal 
experimentation  would  immediately  and  effectually  stop 
all  work  and  all  progress  along  these  lines  as  well  as 
along  other  lines  of  investigation  of  plague. 

CONCLUSION 

To  review  briefly,  we  may  say  that  in  the  past  by 
means  of  animal  experimentiation  there  has  been  dem- 
onstrated the  cause  of  plague,  the  means  by  which  it  is 
conveyed  in  nature  from  animal  to  animal,  and  from 
lower  animals  to  man.  At  the  present  time  we  have 
effective  means  of  controlling  outbreaks  of  the  disease, 
and  of  curing  many  of  the  sick.  So  much  has  been  ac- 
complished in  the  past  that  we  may  fairly  hope  that 
later  investigations  will  still  further  extend  our  knowl- 
edge of  the  disease. 

18.  Yersin,  Calmette  and  Borrel :  Ann.  de  Tlnst.  Pasteur,  1895, 
ix,  589. 

19.  Quoted  by  Strong,  Philippine  Jour.  Sc,  1907,  11,  291. 
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If  I  might  be  permitted  to  suggest  the  lines  along 
which  we  may  expect  progress  they  would  be  as  fol- 
lows: 

1.  The  discovery  of  methods  of  rodent  extermination 
more  perfect  than  those  we  now  have. 

2.  The  development  of  a  prophylactic  agent  that  could 
be  used  without  inconvenience  on  a  large  mass  of  the 
population. 

3.  Ther  preparation  of  a  curative  serum,  potent  enough 
to  make  it  useful  even  in  late  cases  of  the  disease. 

4.  The  discovery  of  a  reliable  method  of  early  diag- 
nosis of  human  cases  without  awaiting  the  results  of  cul- 
ture and  inoculation  experiments.  This  will  probably  be 
in  the  nature  of  a  test  similar  to  the  ocular  reaction  in 
typhoid  fever  or  the  cutaneous  reaction  in  tuberculosis. 

5.  The  circumstances  governing  the  alterations  of  vir- 
ulence of  the  bacillus. 

All  progress  in  the  directions  indicated  will  have  to 
come  about  as  a  result  of  experimental  work  done  on 
lower  animals.  Will  any  reasonable  person  say  that  this 
work  must  be  stopped  because  it  requires  the  sacrifice  of 
even  a  large  number  of  rodents  ?  Shall  the  achievements 
of  the  past,  splendid  though  they  are,  be  the  measure  of 
what  we  shall  know  about  this  disease  that  claims  so 
many  victims  and  causes  such  enormous  commercial 
losses  ?  I  believe  that  these  questions  may  be  left  safely 
to  the  judgment  of  any  unbiased  person. 
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"A  VILE  pursuit,"  "a  devilish  science/'  "an  organized 
system  of  barbarity" — this  is  medical  research ;  "fiends/'  ' 
"demons/'  "human  monsters" — these  are  the  medical 
investigators;  "torments"  and  "prolonged  agonies" — 
such  are  the  experiences  of  animals  in  the  "torture — 
chambers"  of  the  laboratories.  Words  to  catch  and  hold 
rigid  the  ideas  of  men  were  never  so  industriously  over- 
worked as  these  expressions.  One  who  undertakes  to* 
read  much  of  ant i  vivisection  writings  is  wearied  not  so 
much  bv  the  monotonous  recurrence  of  the  same  old 
stories  as  by  the  constant  attempt  to  horrify  by  epithets. 

That  these  epithets  have  serious  implications  is  not 
questioned  by  anybody ;  but  whether  the  persons  who  use 
them  so  glibly  are  really  proper  judges,  qualified  by  any 
instructive  experience,  may  be  questioned  with  very  good 
reason.  These  persons  have  never  entered  the  labora- 
tories in  which  they  declare  animals  are  "cruelly  tor- 
tured/' they  have  not  seen  the  operations  which  they 
describe  as  "revolting."  Their  assertion  that  their  inex- 
perience is  due  to  refusal  of  admission  to  the  laboratories 
does  not  alter  the  fact  of  that  inexperience.  Nor  is  the- 
refusal  to  admit  them  a  confession  that  their  charges  are- 
true.  Any  one  of  insight  and  judgement  is  never  refused? 
admission;  but  the  opponents  of  research,  untrained  ins 
biological  studies  and  willing  to  sacrifice  their  fellow^ 
men  to  the  comfort  of  laboratorv  animals,  mav  reason- 
ably  be  excluded,  just  as  emotional  persons  are  forbidden, 
to  witness  an  operation  on  a  relative.  The  surgeon 
operating  in  the  home  does  not  permit  of  the  "open 
door,"  yet  he  does  not  become  thereby  the  object  of 

*  Reprinted  from  the  North  American  Revietc,  June,  1910,  by 
permission  of  the  Editors. 


malignant  suspicion.  And  the  confident  opinions  of  an 
outsider,  concerning  the  surgeon^s  work,  would  not  gain 
credence  merely  because  expressd  with  unqualified 
assurance. 

As  an  example  of  the  way  in  which  opinions  on  labo- 
ratory procedures  and  laboratory  workers  become  estab- 
lished, the  story  of  a  letter  by  Professor  William  James, 
widely  published  in  the  daily  press  last  summer,  is  worth 
telling.  Profesor  James  wrote  that  he  understood  the 
defenders  of  vivisection  to  protest  '^against  any  regular 
Hon  whatever"  (italics  original).  "Their  invariable  con- 
tention, implied  or  expressed,"  he  continued,  "is  that  it 
is  no  one's  bvsiness  what  happens  to  an  animal,  so  long 
as  the  individual  who  is  handling  it  can  plead  that  to 
increase  science  is  his  aim."  Later  he  declared  that  med- 
ical investigators,  held  together  by  powerful  club  opinion, 
deny  every  charge  against  them,  concede  no  point  of 
principle  and  sustain  firmly  "the  preposterous  claim  that 
every  ^scientist'  has  an  unlimted  right  to  vivisect,  for 
the  amount  or  mode  of  which  no  man,  not  even  a  col- 
league, can  call  him  to  account."  Then,  after  disapprov- 
ing of  state  inspection  and  after  urging  medical  investi- 
gators to  establish  their  own  government,  he  affirmed 
that  so  long  as  they  disclaim  corporate  responsibility 
and  formulate  no  code  of  vivisectional  ethics  for  labora- 
tories to  post  up  and  enforce,  "so  long  must  the  anti- 
vivisection  agitation,  with  all  its  expensiveness,  idiocy, 
bad  temper,  untruth  and  vexatiousness,  continue."  Pro- 
fessor James  in  his  letter  struck  valiantly  at  both  parties 
in  the  controversy.  What  a  gift  of  ammunition  he  pre- 
sented to  the  antivivisectionists !  The  assertions  regard- 
ing the  experiments — their  waste  of  animal  life,  their 
subservance  to  club  opinion,  their  failure  to  formulate  a 
code  for  their  own  conduct,  their  sense  of  exemption 
from  all  restraint — these  assertions  thev  carefullv 
selected,  and  they  have  since  published  them  extensively 
and  repeatedly,  without  question,  as  the  words  of  final 
authority.  Thus  are  the  investigators  judged,  classified 
and  stamped — with  doctrinaire  notions  of  what  manner 
of  men  thev  must  be  and  what  lives  thev  must  lead,  but 
with  no  suggestion  of  an  inquiry  whether  perchance  the 
assertions  may  not- be  true. 

Nearly  two  years  ago  the  American  Medical  Associa- 
tion appointed  a  Council  to  investigate  the  conditions  of 


animal  experimentation  in  the  medical  laboratories  of 
the  United  States.  Through  detailed  reports  and  the 
testimony  of  an  expert  investigator  the  Council  has 
accumulated  information  from  every  medical  school  in 
which  animals  are  used  for  teaching  or  research.  Some 
of  the  results  of  this  inquiry  should  be  of  interest  to  the 
intelligent  and  humane  persons  to  whom  the  antivivi- 
sectionist  makes  his  appeal. 

The  experimental  animals  whose  service  for  medical 
research  rouses  the  greatest  amount  of  hostile  sentiment 
are  the  cat  and  the  dog.  The  employment  of  these  ani- 
mals has  been  referred*  to  as  a  terrible  'Svaste''  of  life. 
Yet  compared  with  the  number  of  cats  and  dogs  oftieially 
destroyed  in  various  cities,  the  sacrifice  of  their  lives  in 
laboratories  is  almost  insignificant.  Figures  have  been 
obtained  bv  the  Council  from  twentv  cities,  in  manv  of 
which,  however,  the  record  for  cats  was  not  reported ;  in 
these  cities  more  than  360,000  cats  and  dogs  have  been 
killed  in  a  single  year  merely  to  be  rid  of  the  excess.  In 
Xew  York  City  alone  during  the  past  fourteen  years 
more  than  800,000  cats  and  400,000  dogs  have  been  thus 
destroyed.  In  one  year  in  Xew  York  City  alone  there 
are  put  to  death  more  than  ten  times  the  total  number  of 
cats  and  dogs  used  for  all  purposes  in  all  the  laboratories 
in  all  the  medical  schools  in  the  country.  The  interest- 
ing  question  now  arises  whether  the  enormous  numbers 
of  these  animals  killed  solely  to  clear  the  streets  liave 
their  lives  "wasted"  more  or  less  than  the  much  smaller 
number  used  in  the  laboratories  for  purposes  of  medical 
advancement. 

But  the  humane  destruction  of  animals  in  a  public 
pound,  antivivisectionists  will  declare,  is  very  different 
from  the  "prolonged  agonies''  which  animals  experience 
in  the  "secret  chambers"  of  the  laboratories.  Thus  tlie 
habitual  words  assert  their  dominance.  "Behind  locked 
doors,  where  no  one  may  enter,"  the  "brutalized"  experi- 
menter, quite  regardless  of  the  "cries  of  pain  and 
anguish"  which  assail  his  ears,  is  supposed  to  undertake 
his  "hellish"  work.  "With  unlimited  right  to  vivisect, 
for  the  amount  or  mode  of  which  no  man,  not  even  a 
colleague,  can  call  him  to  account,"  he  continues  his 
"butchery."  Before  giving  full  credence  to  the  implica- 
tions of  these  charges  against  honorable  men  patiently 
searching  out  the  nature  of  disease  and  its  treatment,  we 


might  do  well  to  leam  the  actual  conditions  of  research 
and  the  precautions  taken  by  the  medical  profession 
itself  to  minimize  suffering  in  laboratory'  animals. 

In  the  largest  medical'  laboratories  of  this  country  reg- 
ulations governing  animal  experimentation  have  been 
posted  and  enforced,  in  one  instance  for  more  than  thirty 
years,  in  other  instances  for  more  than  ten  years.  These 
regulations,  discovered  by  the  Council  of  the  American 
Medical  Association,  have  been  collected,  summarized 
and  revised,  and  have  been  sent  to  all  other  laboratories 
in  which  animal  experimentation  is  conducted.     These 

rules  are  as  follows : 

• 

I.  Vagrant  dogs  and  cats  brought  to  this  Laboratory  and 
purchased  here  shall  be  held  at  least  as  long  as  at  the  city 
pound,  and  shall  be  returned  to  their  owners  if  claimed  and 
identified. 

II.  Animals  in  the  Laboratory  shall  receive  every  consider- 
ation for  their  bodily  comfort;  they  shall  be  kindly  treated, 
properly  fed,  and  their  surroundings  kept  in  the  best  pos- 
sible sanitary  condition. 

III.  No  operations  on  animals  shall  be  made  except  with 
the  sanction  of  the  Director  of  the  Laboratory,  who  holds 
himself  responsible  for  the  importance  of  the  problems  stud- 
ied and  for  the  propriety  of  the  procedures  used  in  the  solution 
of   these  problems. 

IV.  In  any  operation  likely  to  cause  greater  discomfort  than 
that  attending  anesthetization,  the  animal  shall  first  be  ren-* 
dered  incapable  of  perceiving  pain   and  shall   be  maintained 
in  that  condition  un.til  the  operation  is  ended. 

Exceptions  to  this  rule  will  be  made  by  the  Director  alone 
and  then  only  when  anesthesia  would  defeat  the  object  of 
the  experiment.  In  such  cases  an  anesthetic  shall  be  used 
so  far  as  possible  and  may  be  discontinued  only  so  long  as 
is  absolutely  essential  for  the  necessary  observations. 

V.  At  the  conclusion  of  the  experiment  the  animal  shall 
be  killed  painlessly. 

Exceptions  to  this  rule  will  be  made  only  when  continuance 
of  the  animaPs  life  is  necessary  to  determine  the  result  of 
the  experiment.  In  that  case,  the  same  aseptic  precautions 
shall  be  observed  during  the  operation  and  so  far  as  possible 
the  same  care  shall  be  taken  to  minimize  discomforts  during 
the  convalescence  as  in  a  hospital  for  human  beings. 

Faculties  of  medical  schools  throughout  the  entire 
country  have  formally  adopted  the  rules  as  an  expression 
of  the  precautions  under  which  research  was  being,  and 
should  continue  to  be,  conducted.  These  or  similar  rules 
are  now  posted  in  practically  all  laboratories  in  which 
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animal  experimentation  is  extensively  practiced.  The 
adoption  qyf  these  rules  effectively  disposes  of  the  charges 
that  in  laboratories  "it  is  no  one's  business  what  happens 
to  an  animal,"  that  experimenters  protest  against  any 
regulation,  and  that  they  disclaim  any  corporate  respon-  • 
sibility  for  their  acts. 

Power  for  the  enforcement  of  the  reguliations  is 
abundantly  provided  in  the  public  and  corporate  manner 
in  which  they  were  adopted;  and  that  power  is  rein- 
forced by  a  strong  "club  opinion"  to  which  the  opponents 
of  medical  research  have  already  recognized  the  experi- 
menters as  so  perfectly  loyal.  Furthermore,  the  potent 
social  forces  expressed  in  the  votes  of  the  trustees  of 
institutions,  and  in  the  opinions  of  colleagues  and  fellow 
workers,  not  to  speak  of  the  interested  public,  would  put 
effective  pressure  on  any  tendency  toward  infraction  of 
these  regulations  should  such  tendency  develop.  As  a 
matter  of  fact,  however,  the  members  of  the  Council, 
who  are  widely  acquainted  with  medical  laboratories,  are 
convinced  that  in  the  great  majority  of  instances  these 
regulations  merely  define  the  already  good  conditions 
under  which  experimental  medicine  has  been  carried  on 
and  state  a  program  for  the  continuance  of  those  con- 
ditions. To  beginners  in  research  and  to  interested 
people  these  regulations  will  indicate  the  spirit  of  the 
investigators  and  the  consideration  given  by  them  to  the 
avoidance  of  unnecessary  pain. 

Persons  who  have  been  under  the  spell  of  antivivisec- 
tion  phrases  may  perhaps  now  admit  that  in  the  labora- 
tories of  the  great  medical  schools  the  condition  of 
animal  experimentation  is  fairly  satisfactory.  They  will 
surely  have  the  suggestion  made  to  them,  however,  that 
there  still  remain  the  careless  and  inexperienced  medical 
students  who,  in  the  secrecy  of  private  rooms,  are  wholly 
free  to  satisfy  their  desire  to  operate  on  animals  without 
any  supervision  whatever.  What  are  the  grounds  for  this 
suggestion  ?  The  uniform  testimony  given  to  the  Coun- 
cil is  that  in  the  medical  laboratories  students  are  care- 
fully supervised  in  any  experiments  they  make  on  ani- 
mals; indeed,  except  in  a  few  places,  they  are  not 
permitted  to  use  any  other  animal  than  the  frog.  At  most 
schools  the  students  are  carefully  instructed  in  the  great 
importance  of  the  experimental  method  for  the  service  of 
public  health,  and  in  the  necessity  of  avoiding  in  every 
way  the  careless  treatment  of  animals.    At  other  schools 


this  precautionar}^  instniction  is  regarded  as  superflu- 
ous— a  view  easily  understood  by  any  one  who  knows  the 
character  of  young  men  studying  medicine,  and  who 
realize  the  immense  practical  difficulties  of  private 
investigation.  Until  some  respectable  evidence  is  ad- 
duced to  show  that  the  much-maligned  medical  student 
actually  does  carelessly  "cut  up"  living  animals  in  his 
room,  the  evil  suggestion  that  he  does  so  should  receive 
the  contempt  it  deserves. 

In  spite  of  the  accumulated  evidence  of  a  satisfactor}' 
condition  of  animal  experimentation  in  this  country,  and 
in  spite  of  the  enforcement  of  the  foregoing  regulations 
in  the  laboratories.  Professor  James's  intimations  of 
peaceful  subsidence  of  the  agitation  must  be  regarded  as 
much  too  optimistic.  Xo  end  to  the  struggle  for  legal 
interference  with  medical  research  is  in  sight.  Every 
year  in  one  state  or  another  a  "mild  bilF'  will  be  allur- 
ingly presented.  Its  ostensible  purpose,  as  in  the  past, 
will  be  not  to  prevent  "legitimate  vivisection"  by  respon- 
sible investigators,  but  to  stop  the  practice  among  the 
unskilled — for  example,  the  medical  student  in  his  room. 
Examination  of  the  bill  will  reveal,  however,  that  no  pro- 
vision is  made  for  spying  on  the  medical  student  in  his 
room,  but  that  every  arrangement  is  made  for  the  inspec- 
tion of  the  responsible  investigators.  To  many  fair- 
minded  people  inspection  of  laboratories  and  laboratory- 
work  seems  highly  reasonable;  they  approve  of  going  at 
least  so  far  with  the  petitioners  for  legislation.  But  the 
medical  profession  has  in  the  main  objected  to  the  pro- 
posed inspection.  What  are  the  reasons  for  the  objec- 
tion ? 

In  the  first  place,  inspection  of  laboratories  would  not 
satisfy  those  who  are  eager  for  legislative  interference 
with  research.  England  has  had  laboratory  inspection 
for  thirty-four  years,  yet  there  is  no  country  in  which 
the  attack  on  laboratory  procedures  is  more  relentless. 
Xo  less  than  fifteen  antivivisection  societies  afflict  Great 
Britain,  all  opposed  to  medical  progress  through  the  use 
of  animals.  Furthermore,  if  we  may  judge  by  English 
experience,  the  inspectors  must  describe  "horrors"  or  be 
discredited.  Inspection  in  England  has  not  revealed  any 
noteworthy  abuse  of  animal  experimentation  during  all 
the  thirty-four  years.  The  inference  drawn  by  the  anti- 
vivisectionists  is  that  occasional  inspection  is  futile; 
indeed,  that,  unless  an  inspector  is  in  the  laboratories 
continuously  during  all   operations,  horrible  abuse   of 


animals  is  sure  to  occur.^  The  impossibility  of  provid- 
ing for  such  constant  oversight  would  seem  to  a  person 
of  common  sense  to  necessitate  a  certain  amount  of  reli- 
ance on  the  good  will  and  natural  humanity  of  those 
engaged  in  research.  Again,  the  argument  for  inspec- 
tion, usually  supported  by  analogy  with  bank  inspection, 
is,  under  the  circumstances,  quite  faulty.  For  the  inspec- 
tion of  banks  experts  in  banking  are  appointed,  but  for 
the  inspection  of  laboratories  experts  in  experimentation 
have  been  definitely  excluded  in  the  bills  presented  by 
the  opponents  of  animal  .experimentation.  For  this 
important  work  they  desire  their  own  representatives. 
In  the  opinion  of  the  experimenters,  however,  such  per- 
sons, untrained  in  observing  animal  reactions  and  lack- 
ing any  insight  whatever  into  the  extraordinary  com- 
plexities of  medical-  investigation,  are  thoroughly  incom- 
petent. 

The  incompetence  of  inspectors  is  the  strongest  objec- 
tion to  the  proposal  for  state  inspection.  The  laboratory 
workers  have  spent  many  years  learning  what  is  known 
of  the  vital  changes  in  living  organisms.  They  are 
busied  with  a  study  of  the  most  perplexingly  developed 
structures  and  the  most  involved  and  entangled  processes 
in  nature,  the  structures  and  processes  in  highly  organ- 
ized animals.  And  not  only  are  the  individual  processes 
intricate,  but  animals  and  plants  are  intricately  related 
in  the  nexus  of  living  beings.  The  most  gifted  insight  is 
required,  and  the  rarest  type  of  constructive  imagina- 
tion, to  distinguish  in  this  complex  the  relations  that  are 
important  from  those  that  are  unimportant.  Precisely 
this  high  order  of  ability  is  a  prime  requisite  in  the  hard 
human  struggle  against  disease.  Work  that  seems 
remote  and  academic  may  have  the  utmost  value  for  the 
welfare  of  mankind.  Lister's  revolutionizing  of  surgical 
methods  began  with  a  study  of  fermentation  in  flasks 
and  went  thence  to  experiments  on  animals.  In  the 
early  days  of  Lister's  "work  even,  the  physicians  had  no 
eyes  for  his  view.  How  much  less  could  be  expected  of  the 
ignorant  inspector !  Surely  Professor  James  was  correct 
when  he  wrote :  "The  fear  of  state  rules  and  inspectors, 
on  the  part  of  the  investigators,  is,  I  think,  well  founded ; 
they  would  probably  mean  either  stupid  interference  or 
become  a  sham." 

1.  See  Minutes  of   Evidence,   English   Parliamentary  Commission 
on  Vivisection,  1905-6,  Coleridge's  testimony,  passim. 
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Occasionally,  at  relatively  rare  intervals,  the  solution 
of  an  important  problem  may  require  that  ai^imals  shall 
suffer.  There  are  antivivisectionists  who  declare  that 
they  themselves  prefer  to  suffer  rather  than  to  profit  by 
procedures  involving  pain  to  animals.  The  enormous 
majority  of  men,  however,  are  quite  willing  to  do  other- 
wise. As  a  matter  of  course,  society  "tolerates  crushing  of 
limbs  in  traps,  or  other  grievous  wounding  of  birds  and 
beasts,  merely  for  ornamentation  or  sport.  Even  the 
delights  of  the  palate  are  served  through  the  infliction 
of  pain,  for  men  gladly  consent  to  eat  the  capon  and  the 
steer,  the  taste  of  whose  flesh  has  been  made  more  deli- 
cate by  barnyard  operations  of  the  most  shocking  char- 
acter. The  lashing  of  dogs  driven  to  the  last  extremity 
of  fatigue  and  starvation  has  been  required  to  carry  the 
flag  to  the  at  last  accessible  pole.  How  much  more  justi- 
fiable than  any  of  these  purposes  is  the  motive  that 
impels  the  medical  investigator!  Indeed,  how  much 
more  justifiable  than  any  of  these  inflictions  of  pain  is 
the  occasional  suffering  caused  in  the  laboratories — for 
is  not  "the  life  more  than  meat  and  the  body  more  than 
raiment?"  Men  and  women  and  children,  whose  suffer- 
ing extends  to  every  one  bound  to  them  by  the  strong 
ties  of  love  and  sympathy,  daily  go  down  to  death 
because  the  disease  is  a  mystery  and  its  cure  unknown. 
Who,  then,  shall  say  that  medical  research  shall  not  con- 
tinue to  bring  its  blessings?  In  the  eager  search  for 
more  light,  who  shall  decide  the  critical  case  involving 
pain  to  animals?  The  antivivisectionists  maintain  that 
they  should  decide;  the  medical  profession,  on  the  con- 
trary, urges  that  the  decision  remain  in  its  control.  The 
antivivisectionists,  unacquainted  with  the  problems  and 
methods  of  medical  research,  prefer  to  restrict  their 
humanity  to  the  welfare  of  laboratory  animals.  The 
medical  profession,  realizing  that  more  power  to  fight 
disease  can  only  come  from  more  knowledge,  trusts  the 
deeper  humanity  of  the  laboratory  workers  who  are  seek- 
ing that  knowledge.  Should  not  the  decision  of  the 
critical  case  rest  preferably  with  the  person  of  training 
and  insight,  the  laboratory  director?  Of  all  men,  he  is 
most  likely  to  know  what  is  being  done  by  those  about 
him ;  he  is  most  responsible  to  his  institution,  to  his  pro- 
fession and  to  the  public  interest;  and  his  position  is 
itself  a  warrant  of  his  trustworthiness. 
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Perhaps  no  other  of  the  medical  sciences  can  be  so 
suitably  discussed  in  relation  to  animal  experimenta- 
tion as  immunology,  because  no  other  science  has  been 
so  dependent  on  this  method  of  attack  for  its  develop- 
ment. 

The  science  of  immunity,  or  immunology,  would  ex- 
plain the  mechanism  by  which  the  animal  body  is  ena- 
bled to  resist  disease.  In  addition  to  its  fascination  as 
a  biologic  science,  immunology  offers  the  added  interest 
of  the  greatest  human  utility,  the  prevention  and  cure 
of  disease;  and  precisely  in  this  vital  significance  lies 
at  once  the  importance  of  the  science  and  a  potential 
danger  to  its  sound  development.  This  danger  arises 
in  an  overanxiousness  to  apply  supposedly  specific  agents 
before  the  principles  that  underlie  their  apparent  effect 
have  been  determined.  The  history  of  immunology  has, 
indeed,  brought  into  particular  relief  certain  interesting 
relations  of  theory  to  practice,  worthy  of  more  philo- 
sophic discussion,  but  we  may  content  ourselves  with 
an  attempt  to  point  out  the  usual  sequence  of  observed 
facts,  logical  deduction,  inductive  experiment,  and,  in 
concluded  chapters,  application  of  principle  in  the  diag- 
nosis and  prevention  of  disease. 

The  relatively  recent  development  of  any  exact  knowl- 
edge of  the  mechanism  of  immunity  is  at  first  glance 
surprising,  when  we  consider  that  certain  examples  of 
natural  and  of  acquired  resistance  to  disease  have  been 
recognized  since  ancient  times.  Some  attempts  to  turn 
these  recognized  examples  to  practical  use  were  from 


the  beginning  successful,  but  none  of  them  was  inaugu- 
rated with  that  understanding  of  the  principle  involved 
which  brings  the  greatest  utilitarian  reward.  It  is  ob- 
viously no  lack  of  human  interest  in  the  subject  which 
has  delayed  the  evolution  of  immunology,  but  largely 
the  lack  of  a  suitable  method  of  attack  on  so  obscure  a 
subject.  The  method  was  eventually  furnished  by  the. 
recrudescence  of  the  experimental  idea  as  applied  to 
medicine  and  particularly  as  exemplified  in  the  progress 
that  has  been  made-  in  determining  the  causation  of 
disease.  Immunology,  indeed,  parallels  bacteriology 
both  in  chronology  and  in  method.  Before  considering 
the  development  of  the  experimental  science  of  immun- 
ity we  may  outline: 

I.    THE  DATA  OF  IMMUNITY  ACQUIRED  FROM   CASUI9TICS 

The  first  and  most  wide-spread  type  of  resistance  to 
disease  is  the  inborn  or  natural  immunity  which  is  evi- 
dent on  the  initial  exposure  to  a  given  malady.  With 
an  increasing  intensity,  as  expressed  in  more  and  more 
marked  resistance  to  infection,  natural  immunity  serves 
to  differentiate  individuals  of  a  given  race,  races  of  a 
given  species,  and  species  of  animals  from  one  another. 

The  individual  type  of  natural  immunity  may  be 
noted  whenever  a  group  is  subjected  to  equal  chances 
of  infection  or  contagion;  certain  individuals  succumb 
while  others  resist.  A  familiar  example  to  illustrate 
this  relative  individual  resistance  is  given  in  any  group 
of  pathologists  who  are  performing  numerous  post- 
mortem examinations;  some  members  of  this  group  are 
veritable  martyrs  to  post-mortem  infections,  whereas 
others  are  practically  immune.  This  type  of  resistance 
is  frequently  temporary  and  in  all  respects  relative ;  it  is 
dependent  on  certain  subtle  differences  in  general  health 
and  nutrition  and  may  be  evidenced  by  certain  changes 
in  the  bactericidal  properties  of  the  blood,  to  which 
reference  will  later  be  made. 

Natural  racial  immunity,  to  which  attention  was  called 
as  early  as  the  sixteenth  century,  is  in  all  probability 
dependent  on  differences  in  food  and  general  hygiene. 
It  is  difficult  to  be  certain  in  many  so-called  examples 
of  racial  immunity  that  have  been  given  whether  the 
increased  resistance  is  in  reality  inborn  or  simplj  ac- 
quired through  recovery  from  disease.  The  marked 
resistance  of  certain  races  of  mice  to  a  transmidsible 


tumor  (Haaland)/  which  resistance  may  actually  be 
lowered  by  a  change  in  environment,  would  seem  a  cer- 
tain example  of  a  natural  racial  immunity. 

Species  immunity  is  the  most  evident  and  distinctive 
type  of  natural  immunity.  The  difference  in  resistance 
between  any  two  species  of  animals  to  a  given  infection 
varies  in  general  witli  the  distance  apart  that  these 
species  lie  in  the  animal  scale.  Although  familiar  ex- 
amples of  species  immunity  occur  throughout  the  ani- 
mal kingdom,  those  of  the  greatest  interest  occur  in 
relation  to  a  whole  series  of  typical  human  diseases, 
syphilis,  measles,  typhoid  fever,  gonorrhea  and  the  like, 
which  never  occur  spontaneously  in  the  lower  animals, 
.and  cannot  bie  transmitted  to  them  or  at  best  in  modified 
form  only.  Eecent  studies  with  the  higher  anthropoid 
apes,  however,  have  shown  that  at  least  certain  of  these 
typically  human  diseases  (e.  g.,  syphilis  and  typhoid 
fever)  may  be  produced  in  these  animals  because  they 
are  most  nearly  related  to  the  human  species.  In  a 
general  way,  species  resistance  may  be  attributed  to 
differences  in  metabolism,  body  temperature,  intestinal 
enzymes  and  the  like. 

Of  far  greater  significance  and  practical  bearing  are 
thos€i  instances  of  immunity  acquired  through  recovery 
from  a  given  disease.  It  is  a  matter  of  human  experi- 
ence that  man  has  usually  but  a  single  attack  of  many 
of  the  diseases  to  which  he  is  peculiarly  susceptible, 
such  as  smallpox,  typhoid  fever,  measles  and  yellow 
fever.  In  the  face  of  epidemics  where  only  those  that 
have  been  previously  affected  are  spared  it  is  evident 
ihat  such  recovered  individuals  are  protected,  not  as 
the  result  of  chance,  but  owing  to  some  induced  mechan- 
ism of  protection  against  the  disease.  Similar  condi- 
tions of  acquired  immunity  have  frequently  been  noted 
in  domestic  animals. 

Logical  deduction  from  these  observed  instances  of 
acquired  immunity  long  since  led  to  attempts  to  repro- 
duce this  advantageous  condition  artificially.  Empiri- 
cal efforts  have  been  made  even  among  primitive  peo- 
ples to  induce  in  individuals  some  endurable  form  of 
a  fatal  disease  so  that  they  might  subsequently  be  better 
.protected  from  chance  infection.     The  African  Vatuas^ 

1.  Haaland :  Beobachtungen  fiber  nattirliche  Geschwiilstrcsistenz 
bel  Mftusen,  Berl.  klin.  Wchnschr.,  1907,  xUv,  713. 

9.  Metchnikoff:  L'lmmunite  dans  les  maladies  infectleuses, 
Mtoson  et  Cie,  Paris. 


have  been  reported  as  practicing  an  efficient  form  of 
self -immunization  against  snake  venom ;  the  Moors  early 
protected  their  cattle  from  pleuropneumonia'  by  run- 
ning under  their  skin  a  knife  that  had  been  plunged 
into  the  lung  of  an  animal  that  had  died  of  the  disease. 
It  is  well  known  that  the  Chinese  and  other  peoples  of 
the  East  protected  themselves  from  smallpox  by  vario- 
lization,  which  was  effected  by  inserting  the  scabs  of 
human  smallpox  lesions  in  the  nose  of  healthy  individ- 
uals. A  similar  method  was  introduced  into  England  by 
Lady  Mary  Wortley  Montague  in  1721  and  was  em- 
ployed until  the  observations  of  Jenner  on  the  relation 
of  cowpox  to  smallpox  in  1798  led  to  the  present  method 
of  prevention  of  the  disease  by  vaccination.  The  chance 
that  a  disease  of  cattle  (vaccinia)  is  .intimately  related 
to  a  fatal  human  disease  and  that  an  attack  of  the  one  in 
the  form  of  a  localized  disease  would  protect  against 
the  more  generalized  malady,  alone  rendered  Jenner's 
observation  fruitful.  No  generalized  conception  of  the 
principle  of  "vaccination  with  a  ^irus  of  diminished 
virulence,"  as  later  established  by  Pasteur,  however, 
existed.  This  is  evidenced  by  disastrous  attempts  that 
were  later  made  to  prevent  measles,  diphtheria  and  scar- 
latina by  similar  methods. 

II.    THE   DEVELOPMENT   OF    IMMUNOLOGY   THROUGH    ANI- 
MAL EXPERIMENTATION 

ft 

Centuries  of  careful  observation  of  facts  obtruded  bv 
Nature  in  the  course  of  devastating  epidemics  had  taught 
at  least  two  important  principles  in  regard  to  resistance 
to  disease :  an  acquired  immunity  follows  recovery  from 
an  attack  in  perhaps  the  majority  of  acute  diseases ;  and 
in  at  least  one  instance  (smallpox)  this  acquired  im- 
munity may  be  artificially  induced  through  a  mild  form 
of  the  disease.  In  the  past  thirty  years  the  assets  of 
utility  from  our  knowledge  of  immunity  have  been 
multiplied  to  an  extent  that  it  would  be  difficult  to  esti- 
mate, to  say  nothing  of  the  additional  data  of  present 
theoretical  interest  which  may  ultimately  be  available 
in  practice.  And  this  advance  has  been  rendered  possi- 
ble by  animal  experimentation. 

It  is  the  purpose  of  an  experimental  science  to  replace 
accident  by  design.  A  disease  produced  experimentally 
in  animals  offers  innumerable  advantages  to  one  inter- 
ested in  its  natural  history ;  it  offers  the  only  method 


of  obtaining  the  significant  stages  of  the  disease  in  com- 
plete series  for  more  minute  examination.  Only  the 
interruption  of  an  experimentally  produced  disease  at 
successive  periods  in  its  course  can  afford  exact  informa- 
tion as  to  the  method  by  which  infection  spreads  and 
immunity  is  produced. 

The  discovery  of  the  fundamental  principles  of  bac- 
teriology by  Pasteur  and  Koch,  the  isolation  and  culti- 
vation of  bacteria  in  pure  culture,  and  the  proved  etio- 
logic  relation  of  a  definite  micro-organism  to  a  given 
disease,  gave  new  impetus  to  the  principle  of  vaccina- 
tion exploited  by  Jenner.  The  work  of  Pasteur  and  his 
pupils  with  the  bacillus  of  chicken  cholera  on  animals 
laid  the  foundation  for  the  discovery  of  the  great  prin- 
ciple of  vaccination  by  means  of  bacterial  cultures  of 
diminished  virulence.  This  diminution  of  virulence  was 
obtained,  in  the  case  of  chicken  cholera,  by  long  growth 
on  artificial  culture  media,  and  later,  in  the  case  of 
anthrax  by  subjecting  the  cultures  to  growth  at  high 
temperatures.  Similar  methods  of  vaccination  have  been 
employed  in  the  case  of  swine  erysipelas  and  blackleg. 
In  all  instances  the  method  has  been  arrived  at  by  care- 
ful experimentation  on  animals  and  the  products  now 
used  broadcast  in  actual  prevention  are  first  tested  for 
virulence  on  laboratory  animals.  It  is  not  my  purpose 
to  enter  into  a  discussion  of  the  practical  results  of 
protective  inoculation  but  simply  to  indicate  how  the 
method  of  animal  experimentation  in  bacteriology  en- 
riched the  data  of  immunity. 

Immunology  may  be  regarded  aS  having  been  differ- 
entiated into  a  specialized  science  from  the  moment  that 
effective  attempts  to  explain  the  physiologic  mechanism 
that  protects  immunized  animals  were  made.  Theories 
of  immunity  were  offered  by  Pasteur,  Koch  and  others, 
but  they  were  based  largely  on  speculation  drawn  from 
the  bare  results  of  infection  rather  than  from  experi- 
ments designed  to  expose  the  process  of  immunity  itself. 
In  1876  Koch^  attributed  conditions  of  immunity  to 
some  change  in  the  condition  of  the  blood.  Pasteur's 
exhaustion  theory   (1880)*  supposed  that  bacteria  fail 

3.  Kocb  :    .Cohn's  BcitrUge  zur  Biologic  dcr  Pflanzen,   1876,   ii. 

300. 

4.  Pasteur :     Compt.  rend.  Acad.  d.  sc,  1880,  xc,  247. 
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to  grow  in  immunized  animals  owing  to  a  lack  of  proper* 
nutritive  substances.  A  similar  condition  could  be  pro- 
duced in  artificial  culture  media  as  was  shown  by  the 
failure  of  fresh  chicken  cholera  bacilli  to  grow  in  fil- 
tered media  that  had  already  served  for  the  growth  of 
this  bacterium ;  the  addition  of  a  little  fresh  bouillon 
containing  fresh  nutritive  substances  permitted  growth 
to  proceed.  Chauveau'*  in  the  same  year  would  have 
explained  immunity  as  due  to  the  retention  in  the  body 
of  certain  substances  which  inhibit  bacterial  growth.  It 
is  of  interest  to  note  that  in  none  of  these  theories  is  any 
allowance  made  for  active  participation  on  the  part  of 
the  animal  itself  in  the  production  of  resistance.  The 
theories  of  Nageli,  of  Buchner  and  of  Grawitz  do  at  least 
emphasize  a  reaction  on  the  part  of  the  animal  itself, 
although  they  have  proved  in  other  ways  inadequate. 

It  remained  for  Metchnikoff,  a  biologist,  to  give  the 
first  experimental  evidence  explanatory  of  the  process 
of  immunity.  In  1882  Metchnikoff  began  recording- 
his  observations  on  the  function  of  the  white  blood  cor- 
puscles in  protecting  the  body  from  disease,  observa- 
tions which  in  his  hands  and  in  those  of  his  followers 
have  continued  fruitful  to  the  present  day.  Mention 
had  already  been  mad6  before  Metchnikoff  of  the  pres- 
ence and  of  the  disintegration  of  bacteria  within  leu- 
kocytes and  Panum^  in  1874  had  even  suggested  that 
such  cells  might  be  serving  some  protective  purpose. 
The  general  conception  of  the  accumulation  of  leuko- 
cytes which  characterizes  inflammation^  however^  was 
that  it  was  a  means  of  spreading  rather  than  of  check- 
ing infection.  Metchnikoff  had  been  making  studies*  of 
the  origin  of  digestive  functions  in  cells  of  mesodermal 
origin.  He  suggested  that  the  inclusion  of  particles 
and  cells  within  leukocj^tes  was  due  to  an  active  digest- 
ive function  in  these  mesodermal  cells  and  ventured  the 
assertion  that  their  diapedesis  during  inflammation  was 
a  protective  mechanism.  In  one  of  the  crustaceans, 
Daphnia,  which  frequently  suffers  from  an  infection 
with  a  form  of  blastomyces  (Monosporon  hicuspidata),, 
Metchnikoff  was  able  to  show  that  the  outcome  of  the 

5.  Chauveau  :     Compt.  ren^.  4.cad.  d.  sc,  1880,  xcl,  536.. 

6.  Pamim  :    Virchow's  Arch,  patb.-anat.,  1874,  Ix,  347. 


infection  depends  entirely  on  the  completeness  with 
which  the  blastomyces  is  engulfed  by  the  leukocytes  of 
the  host.  He  was  soon  after  able  to  demonstrate  that 
frogs  and  mammals  also  combat  experimental  bacterial 
infection  by  a  similar  process  of  phagocytosis/ 

NATURAL   IMMUNITY    FROM   BACTERIA 

Although  this  phagocytic  theory  of  immunity  met  at 
first  with  extreme  opposition,  its  opponents  have  grad- 
ually yielded  more  and  more  toward  complete  accept- 
ance of  the  interpretation  that  Metchnikoff  has  with  per- 
sistence yet  remarkable  fairness  of  judgment  insisted 
on.  It  is  generally  admitted  that  many  forms  of  natural 
immunity  in  particular  are  best  explained  on  a  simple 
phagocytic  basis.  The  more  complicated  types  of  ac- 
quired immunity  are  less  directly,  though  unmistaka- 
bly, related  with  activity  on  the  part  of  the  white  blood- 
cells.  Leaving  until  later  a  discussion  of  the  part  played 
in  each  form  of  immunity  by  the  cells,  we  may  briefly 
outline  the  mechanism  of  phagocytosis  in  those  instances 
in  which  it  has  been  shown  to  be  distinctive. 

In  the  first  place,  the  phagocytic  cells  may  be  divided 
into  two  general  types  as  regards  function.  The  small, 
actively  motile  polymorphonuclear  cells  of  the  circu- 
lating blood  are  practically  concerned  only  in  making 
way  with  the  bacteria  which  produce  acute  infections; 
these  cells  are  called  "microphages.^^  Under  ^^macro- 
phages^'  are  grouped  the  large  mononuclear  leukocytes 
and  certain  endothelial  and  fixed  tissue  cells;  the  func- 
tion of  these  cells  is  to  take  up  other  animal  cells,  such 
as  red  blood-corpuscles  and  protozoa,  and  also  certain 
bacteria,  like  the  tubercle  and  leprosy  bacillus,  which 
produce  chronic  infections. 

It  has  been  shown  by  careful  studies,  both  within  the 
animal  body  and  in  mixtures  made  in  the  test-tube, 
that  the  phenomenon  of  phagocytosis  may  be  divided  into 
three  phases.  In  the  first  phase  the  leukocytes  approach 
non-virulent  bacteria  owing  to  a  positive  chemotactic 
influence  which  the  latter  exert.  If  the  bacteria  are 
markedly  virulent,  on  the  other  hand,  they  exert  a  nega- 
tive chemotactic  influence.     These  important  facts  of 

7.  For  detailed  consideration  of  Metchniltoflf's  phagocytic  theory, 
see  Metcbnikoff's  L'Immunit6  dans  les  maladies  infectieuses,  which 
is  also  obtainable  in  English  translation.  (F.  G.  Binnie,  Cambridge 
University  Press.) 
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positive  and  negative  chemotaxis  were  ingeniously 
demonstrated  by  Bordet**  who  placed  small  capillary 
glass  tubes  filled  with  the  bacteria  to  be  tested  in  the 
peritoneal  cavity  of  guinea-pigs  and  later  measured  the 
length  of  the  columns  of  leukocytes  that  had  penetrated 
the  tubes.  After  reaching  the  bacteria  the  phagocytes 
engulf  them,  owing  in  all  probability  to  an  active  ame- 
boid process,  although  it  has  been  suggested  that  this 
apparent  activity  is  due  in  reality  to  a  simple  physical 
change  of  surface  tension.  The  bacteria,  once  within 
the  leukocytes,,  are  broken  up  by  a  process  of  digestion. 
An  extract  of  leukocytes  may  be  made  which  contains 
an  enzyine  (cytase)  capable  of  producing  this  digestion 
at  body  temperature  outside  the  body  and  the  extract 
has  been  sho^vn  to  vary  in  accordance  with  whether  it 
is  derived  from  microphages  or  macrophages.  The  ex- 
tract of  microphages  (microcytase)  is  particularly  active 
against  bacteria  and  is  effective  only  in  an  alkaline 
medium;  it  has  little  effect  on  animal  cells.  Macrocy- 
tase,  on  the  other  hand,  derived  from  the  mononuclear 
cells,  works  best  in  an  acid  medium  and  destroys  animal 
cells. 

The  active  opposition  with  which  Metchnikoff's  cellu- 
lar theory  of  immunity  was  at  first  met  was  directly 
productive  of  important  facts  which  at  first  seemed  to 
attribute  the  active  protective  power  of  the  blood  to  the 
fluid  portion  rather  than  to  the  leukocytes.  In  1885 
Fodor®  showed  that  anthrax  bacilli,  when  mixed  with 
fresh  rabbit  blood  in  the  process  of  clotting,  were  de- 
stroyed; and  two  years  later  NuttalU^  showed  that  fresh 
defibrinated  blood  would  produce  the  same  effect.  In 
1891  Buchner^^  proved  this  bactericidal  effect  of  fresh 
blood  to  be  due  to  the  cell-free  blood  serum,  whether  it 
is  obtained  by  defibrination  or  by  clotting.  Buchner 
further  described  certain  ferment-like  substances  in  the 
serum  to  which  this  destructive  power  over  bacteria  is 
due  and  to  which  he  gave  the  name  of  alexins  (from 
d\4ii€i¥  to  ward  off  or  protect) .  The  alexins  resist  freez- 
ing and  thawing,  but  are  destroyed  by  heating  to  55  C. 
for  one-half  hour.  They  are  unaffected  by  dilution  in 
physiologic  salt  solution  and  may  be  precipitated  with 

8.  Bordet-Gay :  Studies  in  Immunity,  pp.  1  and  8.  Wiley  and  Son 
New  York,  1909. 

9.  Podor:   Deutsch.  med.  Wchnschr.,  1885,  p.  435. 

10.  Nuttall:     Ztschr.  f.  Hyg..  1888,  iv,  353. 

11.  Buchner:     Centralblatt  f.  Bakteriol.,  v,  817. 
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sodium  sulphate.  Such  physical  and  chemical  charac- 
teristics have  caused  alexins  to  be  classed  with  the 
enzymes  without  any  very  profound  knowledge  as  to 
their  chemical  composition. 

Further  studies,  particularly  those  dealing  with  the 
origin  of  alexin,  seem  to  have  shown  that  the  bactericidal 
property  of  cell-free  serum  is  in  reality  no  disproof  of 
the  correctness  of  Metchnikoff's  conception  of  the  cellu- 
lar nature  of  natural  immunity.  There  is  good  experi- 
mental evidence  for  the  belief  that  the  alexin  of  Buch- 
ner  is  never  present  in  the  blood  plasma  in  the  body, 
but  is  artificially  liberated  in  blood  serum  by  clotting, 
owing  to  a  disintegration  of  the  leukocytes  which  nor- 
mally contain  it.  In  other  words,  the  "alexin"  is  synon- 
ymous with  Metchnikoif^s  leukocytic  ferment,  the 
'*cytase,"  which  under  usual  conditions  destroys  bacteria 
within  the  cell  (phagocytosis)  and  under  abnormal  con- 
ditions in  shed  blood  is  liberated  in  the  serum.  Many 
experimental  observations  have  been  adduced  to  prove 
this  point.  For  instance  it  may  be  shown  that  the  alexin 
varies  with  the  degree  of  leucocytosis ;  leukocytic  extract 
is  essentially  the  same  in  its  action  as  alexin ;  and  alexin 
increases  in  the  serum  under  conditions  which  favor 
disintegrating  of  leukocytes. 

It  would  seem,  then,  that  the  leukocytes  are  largely 
responsible,  either  directly  through  phagocytosis  or 
indirectly  through  liberation  of  cytase  or  alexin,  for 
the  condition  of  natural  immunity  from  bacteria  and 
animal  cells.  As  we  shall  presently  see,  the  study  of 
conditions  of  acquired  immunity,  although  in  a  measure 
complicating  this  explanation,  has  led  to  far  greater 
insight  of  practical  significance  in  combating  disease. 

IMMUNITY    FROM    TOXINS 

At  this  point  it  is  advisable  both  for  reasons  of  chron- 
ology and  exposition  to  interrupt  temporarily  our  con- 
sideration of  the  mechanism  of  animal  defense  against 
bacteria  as  such.  Bacteria  that  have  gained  entrance 
to  the  body  are  harmful,  not  only  because  they  increase 
rapidly  in  numbers  when  unrestricted,  but  because  they 
eliminate  harmful  products.  These  harmful  products 
may  be  either  simple  chemical  substances  like  acids  and 
alkalies,  bacterial  proteins,  known  as  ptomains,  or  more 
particularly,  in  certain  instances,  true  bacterial  toxins. 
Toxins  are  albuminoid  substances,  of  unknown  chemical 


12 

constitution,  which  are  specific  both  in  their  origin  and 
in  the  effect  they  produce.  They  are  endowed,  with  cer- 
tain other  recognizable  characteristics;  they  produce 
their  harmful  and  specific  effects  only  after  a  period  of 
incubation ;  they  are  readily  destroyed  by  heat ;  they  act 
in  very  small  doses;  and  lastly,  as  we  shall  presently 
see,  they  produce  antitoxins.  Pasteur,  as  early  as  1880, 
noted  that  old  bouillon  cultures  of  the  Bacillus  avisep- 
ticus  which  had  been  filtered  free  from  bacteria  would, 
on  injection  into  animals,  produce  symptoms  of  narcosis. 
In  1888  Eoux  and  Yersin^^  described  a  toxin  found  in 
filtered  cultures  of  the  diphtheria  bacillus  which  was 
fatal  for  guinea-pigs  in  very  small  doses.  Although  the 
possibility  of  specific  protection  from  bacterial  invasion 
by  means  of  previous  treatment  with  killed  or  modified 
bacterial  cultures  was  then  known,  attempts  at  a  similar 
protection  against  this  diphtheria  toxin  were  at  first 
unsuccessful.  In  the  following  year  Kitasato  succeeded 
in  obtaining  a  pare  culture  of  the  tetanus  bacillus  and 
in  1890  von  Behring  and  Kitasato^^  obtained  tetanus 
toxin  from  such  cultures.  They  found  furthermore 
that  by  treatment  with  certain  chemical  substances  the 
toxins  of  diphtheria  and  of  tetanus  could  be  weakened  so 
as  to  be  better  supported  by  laboratory  animals;  ani- 
mals treated  with  these  weakened  toxins  became  immune 
from  doses  of  the  whole  toxin  that  were  fatal  to  the 
normal  animal.  And,  more  important  still,  it  was  shown 
that  the  blood  of  such  actively  immunized  animals 
would  protect  normal  animals  against  subsequent  injecr 
tion  of  fatal  doses  of  toxin,  or  would  even  cure,  within 
reasonable  time  limits,  animals  that  had  already  re- 
ceived the  toxin.  These  experiments  form  the  rational 
basis  for  the  present  highly  effective  antitoxin  treatment 
of  diphtheria  and  for  the  prevention  of  tetanus. 

The  interesting  studies  of  Ehrlich^*  as  to  the  mode 
of  interaction  of  antitoxin  with  toxin  not  only  gave  rise 
to  an  enormously  ingenious  and  fruitful  theory  of 
immunity  but  determined  the  recognized  method  of  esti- 
mating and  standardizing,  by  the  use  of  guinea-pigs,  the 
exact  curative  value  of  diphtheria  antitoxin.  We  need  not 
concern  ourselves  with  the  theories  of  antitoxin  effect, 

12.  Roux  and  Yersin  :     Annales  de  I'lnst.  Pasteur,  1888,  11,  629. 

13.  V.  Bebrlng  and  Kitasato:  Deutsch.  med.  Wchnschr.,  1890> 
No.  4.9. 

14.  Ehrlich-Bolduan :  Collected  Studies  in  Immunity,  ed.  2, 
p.  481,  Wiley  and  Sons,  New  York.  '■■..: 


13 

as  their  interest,  although  of  ultimate  utilitarian  value, 
is  immediately  largely  academic.  In  addition  to  the 
better  studied  toxins  of  diphtheria  and  tetanus,  true 
toxins  have  been  described  as  formed  bv  cholera  vibrios, 
the  bacillus  of  meat  poisoning  (B,  hotulinibs),  the  dys- 
entery bacillus  of  Shiga  and  the  Bacillus  typhosus.  The 
exact  relation  of  each  of  these  latter  toxins  to  patho- 
genesis of  the  disease  in  question  is  not  fully  determined 
nor  can  any  final  word  be  given  as  to  the  efficacy  of  an 
antitoxin  treatment  in  many  of  these  instances.  In  the 
case  of  the  dysentery  bacillus,  at  least,  almost  certain 
results  may  ultimately  be  expected  from  specific  anti- 
toxin therapy. 

ACQUIRKD   IMMUNITY   FROM  BACTERIA 

Kef erence  has  already  been  made  to  the  important 
discovery  of  Pasteur  that  animals  could  be  immunized 
by  means  of  cultures  of  diminished  virulence.  In  1886 
Salmon  and  Smith^"^  showed  that  pigeons  could  be  im- 
munized against  the  hog  cholera  bacillus  by  means  of 
cultures  that  had  actually  been  killed  by  heat.  In  1888 
Richet  and  Hericourt^^  proved  that  this  antibacterial 
type  of  immunity  is  transferable  from  one  animal 
species  to  another.  Yon  Behring  and  Nissen^®  demon- 
strated (1890)  that  the  blood-serum  of  guinea-pigs  that 
had  been  immunized  against  the  Vibrio  metchnikovi, 
would  kill  these  micro-organisms  better  in  vitro  than 
would  the  serum  of  normal  guinea-pigs. 

The  extreme  interest  that  greeted  the  discovery  of  the 
antitoxins  led  at  first  to  a  misconception  of  the  mech- 
anism of  the  protection  afforded  animals  by  the  inocu- 
lation of  bacterial  cultures.  It  was  at  once  Supposed 
that  in  the  majority  of  instances,  for  example,  in  the 
immunity  against  spirilla,  the  protection  was  antitoxic. 
In  1894,  however,  Pfeiffer^^  began  his  studies  with 
cholera  infection  and  immunity  which  led  to  a  revolu- 
tion in  our  conception  of  acquired  immunity  from  bac- 
teria. Pfeiffer  injected  cholera  spirilla  into  the  peri- 
toneal cavity  of  guinea-pigs  that  had  been  immunized 
by  means  of  subcutaneous  inoculations  of  this  micro- 
organism.   Whereas  in  the  normal  peritoneum  the  spir- 

'       I  '  Till  "  -  .  '  . 
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ilium  increases  rapidly  in  numbers  and  leads  to  a  fatal 
infection,  in  the  immunized  peritoneum  the  vibrios  are 
found  to  undergo  rapid  lysis;  preparations  made  at 
intervals  from  the  peritoneal  exudate  show  increasing 
numbers  of  deep-staining  granules  which  finally  replace 
the  normal  vibrios  entirely.  Coincidentally  with  this 
'bacteriolysis"  the  animal  recovers.  Pfeiffer  further 
showed  that  although  his  serum  obtained  from  immu- 
nized guinea-pigs  had  in  itself  no  destructive  power  for 
the  vibrios  in  vitro,  it  would,  when  mixed  with  them  and 
injected  into  the  peritoneal  cavity  of  normal  guinea-pigs 
lead  to  the  specific  form  of  lysis. 

Bordet^^  was  first  to  offer  the  correct  explanation  of 
"Pf eiffer's  phenomenon,"  as  it  is  called.  He  found  that 
if  the  anticholera  seTum  was  employed  soon  after  re- 
moval from  an  immunized  guinea-pig  it  would  suf- 
fice alone  to  destroy  the  vibrios  in  the  test  tube.  Heating 
to  55  C.  or  conservation  for  several  da3's  destroyed  this 
lytic  property,  but  the  property  could  be  restored  to  the 
inactive  cholera  serum  by  the  addition  of  fresh  normal 
guinea-pig  serum  which  in  itself  has  no  lytic  property. 
In  other  words,  the  specific  lytic  effect  of  anticholera 
serum  is  due  to  the  cooperation  of  two  substances,  one 
of  which  occurs  in  all  fresh  normal  serums,  is  destroyed 
by  heat,  is  non-specific  and  is  identical  with  Buchner's 
alexin  (Ehrlich's  complement).  The  second  substance, 
the  substance  preventive  or  substance  sensibilisatrice 
(Ehrlich's  amboceptor)  as  Bordet  called  it,  is  specific, 
occurs  only  as  the  result  of  immunization,  and  resists 
heating  to  55  C. 

The  further  investigation  of  the  finer  interaction  of 
these  two  substances  concerned  in  bacteriolysis  was  ren- 
dered possible  by  Bordet's  discovery  of  the  artificial 
hemolysins  in  ISOS.*-^-  Bordet  found  that  the  blood- 
serum  of  guinea-pigs  that  have  received  several  injec- 
tions of  rabbit  blood  acquires  the  property  of  specific 
destruction  of  rabbit  red  blood-cells.  He  was  further 
able  to  show  that  this  corpuscle  destruction  or  hemolysis 
is  also  brought  about  by  the  combined  action  of  alexin 
with  a  specific  sensitizer.  These  fundamental  facts  have 
since  been  amplified  to  an  extraordinary  extent  by  the 

21.  Bordet-Gay :     Studies  In  Immunity,  pp.  8  and  56. 

22.  Bordet-Gay :  Studies  In  Immunity,  p.  134  and  subsequent 
chapters. 
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studies  both  of  Bordet  and  of  Ehrlicli  and  his  school,^* 
Anti-hemolysins,  composed  in  turn  of  antialexin  and 
antisensitizer,  have 'been  described  and  their  study  has 
given  great  insight  into  the  action  of  the  antibodies  in 
general.  Ehrlich's  explanation  of  the  interaction  of 
antibodies  and  their  antigens  has  been  on  the  line  of 
organic  chemical  reactions,  whereas  Bordet  has  per- 
sistently favored  an  explanation  in  harmony  with  the 
Jaws  of  physical  and  later  of  colloidal  chemistry.  There 
is  now  little  doubt  that  the  colloidal  theory  best  agrees 
with  the  facts. 

Many  other  questions  of  at  first  academic  and  of  later 
practical  interest  have  arisen  from  the  studies  on  bac- 
teriolysins  and  hemolysins.  Thus  the  dispute  between 
Bordet  and  Ehrlich  as  to  the  unity  or  the  multiplicity 
of  alexins  gave  rise  to  Bordet's  ^^reaction  of  fixation" 
which  has  served  as  a  most  valuable  diagnostic  test  of 
bacterial  infections  and  has  been  particularly  exploited 
in  Wassermann's  test  for  syphilis.  A  study  by  Bordet 
and  Gay^*  in  refutation  of  Ehrlich's  conception  of  the 
sensitizer  as  an  amboceptor  led  to  the  conglutination 
reaction  which  promises  much  as  a  method  of  serum 
diagnosis.^s 

As  may  well  be  conceived  the  explanation  of  acquired 
anti-infectious  immunity  on  purely  humoral  lines  is 
certainly  suggested  by  the  work  of  Pfeiffer,  Bordet  and 
Ehrlich  and  such  explanation  would  seem  to  be  in  essen- 
tial disagreement  with  Metchnikoff's  phagocytic  theory 
as  applied  to  this  type  of  immunity.  The  disagreement 
is,  however,  more  apparent  than  real.  Metchnikoif  soon 
pointed  out  that  Pfeiffer's  phenomenon  of  extracellular 
bacteriolysis  is  exceptional  and  occurs  practically  only 
with  such  delicate  micro-organisms  as  the  vibrios.  In 
even  this  instance  Metchnikoif  believes  that  the  lysis  is 
preceded  by  a  destruction  of  leukocytes,  which  liberates 
the  cytase  or  alexin  from  them  into  the  surrounding 
fluid. 

But  even  though  it  becomes  generally  accepted,  as 
seems  likely,  that  all  alexin  is  derived  from  leukocytes 
the  relation  of  Bordet's  sensitizer  to  phagocytosis  in 
acquired  immunity  remains  to  be  explained.  It  is  ad- 
mitted that  the  sensitizer  of  immune  serum  is  free  even 

23.  Ehrlich-Bolduan  :     See  Collected  Studies  in  Immunity,  ed.  2. 

24.  Bordet-Gay :     Studies  in  Immunity,  p.  363. 

25.  Gay  and  Lucas :  Proc^  Soc.  Exper.  Biol,  and  Med..  1910,  tII, 
21. 
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in  the  plasma  and  in  no  sense  an  artificial  product^  as 
may  be  the  case  with  alexin.  The  work  of  Denys  and 
his  pupils,  which  began  in  1895,^^  threw  the  first  light 
on  this  important  question.  Denys  studied  the  pro- 
tective and  curative  effect  of  an  antistreptococcus  serum 
on  rabbits  that  had  been  infected  with  the  streptococcus. 
He  finds  that  the  immunity  afforded  by  this  serum  is 
due  to  its  effect  on  the  micro-organisms  which  renders 
them  more  readily  taken  up  by  phagocytes;  the  leuko- 
cytes themselves  in  the  immunized  animals  do  not  differ 
from  those  of  the  normal  animal.  In  190.2  Savtchenko^'^ 
noted  that  a  hemolytic  serum  likewise  increases  the  sus- 
ceptibility of  the  specific  red  blood-cells  to  phagocytosis. 
■N'eufeld  and  Kimpau^^  have  followed  the  lead  suggested 
by  Denys  and  worked  out  with  great  care  the  effect  of 
their  ^^acteriotropins,"  by  which  name  they  designate 
those  substances  in  an  immune  serum  which  favor 
phagocytosis. 

In  1903  A.  E.  Wright^®  described  under  the  name  of 
'.'opsonins^'  certain  substances  in  the  serum  of  human 
beings  which  when  estimated  quantitatively  are  sup- 
posed to  indicate  the  intensitv  of  the  resistance  of  the 

■IT  %/ 

individual  to  a  given  infection.  Wright  was  able  ap- 
parently to  increase  these  protective  opsonins,  in  case  of 
lack,  by  "vaccination"  with  killed  cultures  of  the  micro- 
organism in  question.  Although  Wright's  work  has  the 
inerit  of  attracting  attention  to  the  principle  of  cure  by 
vaccination  it  is  marred  from  a  scientific  standpoint  by 
his  failures  to  recognize  the  relation  of  his  "opsonins" 
to  the  substances  described  by  Denys,  and  particularly  by 
the  lack  of  fundamental  experimental  work  on  animals 
which  subsequently  in  the  hands  of  others  has  given  us 
a  more  judicious  attitude  towards  the  theoretical  and 
practical  interest  of  his  discovery.  Animal  experimenta- 
tion has  shown  that  even  under  the  best  experimental 
conditions,  little  value  can  be  ascribed  to  Wright's 
^•'opsonic  index"  as  an  indication  for  specific  treatment, 
grateful  as  such  a  method  would  be  if  accurate.  Experi- 
mental work  has  further  shown  that  the  "immune  op- 
sonins" of  Wright  are  probably  identical  with  the  ^*bac- 
teriotropins"  of  Neufeld  and  Rimpau  and  probably  differ 

26.  Denys  and  Leclef :     La  cellule,  1895. 

27.  Savtchenko :     Ann.  de  I'Inst.     Pasteups  1902. 

28.  Neufeld  and  Rimpau:  Deutsche  med.^chnsch.,  1904,  and 
Ztschr.  f.  Hyg.,  1905.  \  . 

29.  Wright,  Sir  A.  E.  :  Studies  in  ImmunizatioikConstable,  IDOO. 
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quantitatively  only  from  Wright's  normal  opsonins.  Al- 
though Wright's  first  observations,  which  were  not  made 
under  the  best  experimental  conditions,  led  him  to  be- 
lieve that  his  opsonins  differed  from  the  sensitizers  of 
Bordet  (Ehrlich's  amboceptors)  inasmuch  as  they  are 
apparently  thermolabile  (55  C),  there  now  seems  no 
reason  for  this  artificial  separation. 

The  following  summary  is,  I  believe,  consistent  with 
the  facts  at  our  disposal  and  is  offered  as  a  simple  ex- 
planation of  anti-infectious  immunity.  Bacteria  are  de- 
stroyed in  the  body  of  an  immime  animal  by  the  action  of 
two  substances,  the  sensitizer  which  is  the  specific  result 
of  immunization,  and  which  lies  free  in  the  plasma,  and 
the  alexin  which  under  usual  conditions  in  the  body  lies 
within  the  phagocyte.  If  phagocytosis  has  taken  place 
the  alexin  works  in  situ;  if  phagolysis  occurs  the  alexin 
is  liberated  and  acts  in  the  fluid  extracellularly.  There 
is,  further,  reason  to  believe  that  the  more  potent  the 
sensitizer  the  more  likely  it  is  that  phagolysis  should 
occur,  and  in  all  events  the  greater  the  sensitization  is 
the  less  the  alexin  required. 

In  vitro  the  bacteria  are  destroyed  in  a  similar  manner 
except  that  under  such  conditions  when  fresh  serum  is 
employed  free  alexin  is  the  rule.  Wlien  the  alexin  em- 
ployed has  been  retained  in  the  phagocyte  as  in  the  case 
in  opsonin  experiments,  the  destruction  is  intracellular 
subsequent  to  phagocytosis.  The  reason  that  normal 
opsonins  are  apparently  thermolabile  is  because  the  nor- 
mal extracellular  alexin  is  destroyed  and  the  normal 
opsonin  (sensitizer)  is  not  sufficiently  potent  to  draw 
out  the.  intracellular  alexin  or  to  cause  the  opsonized 
bacterium  to  be  drawn  within  the  cell.  The  destruction 
of  the  extracellular  alexin  is  immaterial,  however,  in 
the  case  of  immune  opsonins  (bacteriotropins)  as  their 
strong  sensitizing  power  either  makes  use  of  a  trace  of 
alexin  liberated  by  the  phagocytes  or  else  suffices  to 
draw  the  treated  bacteria  within  the  cell. 

The  discovery  of  the  artificial  hemolysins  gave  rise  to 
the  hope  that  specific  immune  serums  for  other  animal 
cells  might  be  produced.  The  possibility  of  a  specific 
opitheliolysin  was  particularly  alluring  in  view  of  treat- 
ment of  malignant  tumors.  The  general  conception  of 
the  cytolysins  now  is  that  they  are  specific  for  any  cell 
of  the  species  that  has  furnished  the  antigenic  tissue 
I'ather  than  for  any  particular  type  of  cell. 
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At  this  point  may  be  mentioned  certain  other  proper- 
ties of  immune  serums  that  were  discovered  in  connec- 
tion with  the  studies  on  bacteriolysis  and  hemolysis. 
Chamn  and  Eoger'®  noted  as  early  as  1889  that  a  spe- 
cific serum  which  was  active  against  B.  pyocyaneus 
would  clump  cultures  of  this  bacterium  and  the  specific 
nature  of  this  phenomenon  of  agglutination  and  many 
of  the  factors  that  control  it  were  worked  out  by  Bordet 
in  1895.^*  The  applicability  of  the  agglutination  reac- 
tion in  the  diagnosis  of  bacterial  infections  was  ex- 
ploited by  Gruber  and  Durham  in  1896.^^  The  early 
work  of  Kraus,  1897,^^  of  Tschowitscli^*  and  of  Bordet, 
1899^**  with  bacteriolytic  and  hemolytic  serum  disclosed 
the  specific  phenomenon  of  precipitation  which  was  soon 
applied  in  the  well  known  forensic  test  for  blood  by 
Wassermann  and  by  Uhlenhuth. 

In  concluding  this  outline  of  the  development  of 
immunology  mention  should  be  made  of  the  interesting 
phenomenon  of  anaphylaxis  or  increased  susceptibility, 
which  under  certain  conditions  follows  injection  of 
harmful  proteins  such  as  bacteria  or  of  non-toxic  pro- 
teins like  horse  serum.  Kosenau  and  Anderson^®  and 
Otto^"  (1906)  were  first  to  draw  attention  to  this  con- 
dition, although  it  had  been  previously  described  and 
named  by  Eichet.  Eosenau  and  Anderson  described  the 
violent  convulsive  reaction,  frequently  followed  by  death, 
which  foUov/s  the  injection  of  horse  serum  in  guinea-pigs 
that  have  previously  received  a  minute  dose  of  the  same 
substance.  Similar  reactions  have  been  studied  follow- 
ing  injections  of  bacteria.  This  extraordinary  condi- 
tion, which  is  apparently  the  opposite  of  the  protective 
reactions  of  immunity,  bears  some  mysterious  but  un- 
doubted relation  to  the  latter  process.  Although  the 
outcome  of  the  numerous  studies  on  the  relation  of 
anaphylaxis  to  immunity  now  in  progress  are  doubtful, 
little  doubt  may  be  entertained  as  to  their  theoretical 
interest  and  practical  importance. 

30.  Charrln  and  Rogier :     Compt.  rend.  Soc.  do  biol.,  1889,  p.  667. 

31.  Bordet-Gay :     Studies  In  Immunity,  p.  142 

32.  Gruber  and  Durham  :  Mtinchen.  med.  Wchnschr.,  1896,  p.  285. 

33.  Kraus :    WIen.  kiln.  Wchnschr.,  1897,  No.  32. 

34.  Tschowitsch :    Ann.  de  I'lnst.  Pasteur,  1899. 

35.  Bordet-Gay :     Studies  In  Immunity,  p.  148. 

36.  Uosenau  and  Anderson  :     Jour.  Med.  Research,  1906,  xv,  179. 

37.  Otto:      Leuthold  Gdnkschr.,  Berlin.   1900. 


19 


CONCLUSION 


This  article  has  attempted  to  outline  step  by  step  the 
development  of  immunology,  a  science  worthy  of  special- 
ized consideration  both  on  account  of  its  biological  inter- 
est and  its  vital  applicability.  Nothing  more  than  a 
suggestion  of  the  application  of  immunology  has  been 
given.  It  has  been  evident  that  no  true  conception  of 
the  principles  of  immunity  was  possible  until  the  meth- 
ods of  experimentation  on  living  animals  were  applied. 
And  each  successive  principle  determined  has  of  neces- 
sity depended  on  further  animal  experimentation.  The 
sacrifice  of  animal  life  necessitated  in  acquiring  our 
present  knowledge  of  the  mechanism  of  animal  resist- 
ance to  disease  would  seem  justified  from  the  standpoint 
of  theory  alone.  In  view  of  the  present  and  potential 
value  of  applied  immunology  in  the  diagnosis,  the  pre- 
vention, and  the  cure  of  human  and  animal  disease, 
skilled  animal  experimentation  necessitates  the  encour- 
figement  of  every  humanitarian. 
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[Editorial  Note: — Dr.  Williams  is  well  fitted 
to  speak  on  the  above  subject.  He  is  one  of  the 
fourth  generation  of  a  family  of  physicians,  who 
have  been  continuously  engaged  in  the  practice  of 
medicine  since  1770.  He  is  dean  of  the  Johns 
Hopkins  Medical  School  and  has  been  associated 
with  it  and  the  Johns  Hopkins  Hospital  since  its 
opening  as  assistant  in  gynecology,  associate,  asso- 
ciate professor  and  professor  of  obstetrics.  He  is 
a  member  of  the  Board  of  Charities  of  Baltimore 
City,  a  member  of  the  Executive  Committee  of  the 
Federated  Charities,  Baltimore,  and  holds  member- 
ship in  many  prominent  American  and  foreign 
obstetric  and  gynecologic  societies.  In  connection 
with  the  work  of  the  Board  of  Charities  he  has 
been  especially  interested  in  the  hospital  care  of  the 
sick  poor  of  Baltimore,  and  has  been  instrumental 
in  inaugurating  the  beginning  of  a  well-equipped 
city  hospital,  which  will  be  devoted  to  the  care  of 
the  poor  and  to  medical  teaching.] 

Unfortunately,  the  relation  between  animal  experi- 
mentation and  obstetrics  appears  at  first  sight  to  be  less 
direct  and  striking  than  in  many  other  branches  of 
medicine.  Nevertheless,  I  consider  that  it  can  be  dem- 
onstrated beyond  peradventure  that  the  greater  part  of 
the  advances  made  during  the  past  thirty-five  years  have 
resulted  either  directly  or  indirectly  from  research  of 
this  character. 

The  chief  advances  in  obstetrics,  in  which  animal 
experimentation  has  played  a  part,  may  be  summarized 
as  follows: 


1.  The  recognition  of  the  bacterial  origin  of  puerperal  infec- 
tion, which  has  enabled  iis  to  prevent  and  overcome  its 
former  terrible  mortality. 

2.  The  application  of  aseptic  technic  to  various  obstetrical 
operations,  thereby  rendering  comparatively  harmless 
many   procedures  which  were  formerly   murderous. 

3.  The  recognition  of  the  bacterial  nature  of  certain  infec- 
tious diseases  of  the  newly  born  child,  such  as  lockjaw 
and  umbilical  infections,  which  enables  us  to  save  each 
year  the  lives  of  thousands  of  infants,  which  under  former 
conditions  would  have  been  lost. 

4.  The  biologic  study  and  standardization  of  certain  drugs, 
such  as  ergot,  whereby  efficient  preparations  are  available 
for  the  prevention  and  control  of  hemorrhage. 

5.  The  demonstration  of  the  internal  secretion  of  the  ovary, 
which  has  led  to  the  therapeutic  employment  of  ovarian 
tissue  extracts,  and  to  greatly  increased  conservatism  in 
operations  on  the  ovaries. 

6.  Experimental  studies  concerning  the  nature  of  the  tox- 
emias of  pregnancy. 

7.  The  experimental  production  of  fetal  deformities,  which 
has  led  to  a  clearer  conception  of  teratology,  and  the 
abandonment  of  the  superstitious  belief  in  maternal  impres- 
sions. 

1,     THE  RECOGNITION  OF  THE  BACTERIAL  ORIGIN  OF 

PUERPERAL  FEVER 

Those  not  familiar  with  the  older  obstetrical  litera- 
ture scarcely  realize  the  extent  of  the  ravages  of  puer- 
peral infection  before  the  introduction  of  rigid  anti- 
septic precautions  in  the  conduct  of  labor,  as  well  as 
the  almost  miraculous  revolution  which  has  followed 
their  employment. 

In  this  connection,  I  shall  attempt  to  give  some  idea 
of  the  mortality  attending  puerperal  infection  in  the 
past,  and  of  the  confusion  regarding  its  nature.  Then 
I  shall  refer  to  the  part  played  by  animal  experimenta- 
tion in  the  development  of  the  bacteriology  of  wound 
infection  and  the  establishment  of  aseptic  technic,  as 
well  as  the  demonstration  of  the  bacterial  nature  of 
puerperal  infection,  and  finally  I  shall  refer  briefly  to 
the  revolutionary  results  which  have  followed  the  prac- 
tical application  of  these  principles. 

In  preantiseptic  times  puerperal  fever  ravaged  the 
lying-in  hospitals  throughout  the  world,  and  each  year 
caused  the  unnecessary  death  of  thousands  of  women 
in  the  best  years  of  life.    How  great  the  mortality  was 


can  best  be  appreciated  by  referring  to  the  results 
obtained  in  the  various  civilized  countries  of  the  world, 
prior  to  the  recognition  of  the  etiologic  role  of  the  strep- 
tococcus. 

PUERPERAL  FEVER  IN  FRANCE 

LeFort,  in  his  railing  accusation  against  the  lying-in 
hospitals  of  France,  which. appeared  in  1866,  calculated 
that  30,394  deaths  from  puerperal  fever  had  occurred  in 
the  888,312  women  delivered  in  the  hospitals  of  Paris 
up  to  the  year  1864 — an  incidence  of  3.5  per  cent.,  or 
one  death  to  everv  27.2  labors.  Moreover,  he  stated 
that  from  1860  to  1864,  inclusive,  the  mortality  in  the 
Maternite  of  Paris  was  12.4  per  cent.,  which  in  Decem- 
ber, 1864,  rose  to  the  colossal  height  of  57  per  cent.: 
while  in  the  Clinique  it  averaged  14.7  per  cent,  between 
the  vears  1833  and  1864,  and  on  several  occasions  rose 
above  20  per  cent.  On  the  other  hand,  the  mortality 
outside  of  the  hospitals  was  much  less,  as  only  one 
woman  perished  out  of  every  212,  which  indicated  that 
seven-eighths  of  the  hospital  deaths  were  due  to  con- 
ditions prevailing  in  them. 

Such  results  were  not  limited  to  the  past  century,  as 
Tenon  in  1788  reported  that  the  mortality  at  the  Hotel- 
Dieu  for  the  fifteen  years  prior  to  1786  was  6.4  per  cent., 
and  described  almost  inconceivable  conditions  of  over- 
crowding and  filth.  Other  observers  described  similar 
conditions.  Thus,  Charrier  recorded  a  mortality  of  7.5  per 
cent,  at  the  Maternite  in  1854,  and  Depaul  one  of  5.3 
per  cent,  at  the  Clinique  in  1856.  Tarnier  in  his  gr'adu-. 
ation  thesis  pointed  out  that  114  deaths  from  puerperal 
fever  had  occurred  at  the  Maternite,  during '  the  year 
1856,  an  incidence  of  5.1  per  cent.,  as  compared  with 
0.31 -per  cent,  in  the  portion  of  the  city  immediately 
adjoining  it. 

Malgaine  likewise  studied  the  results  in  14,197  and 
99,911  women  delivered  respectively,  in  the  hospitals 
and  in  the  city  of  Paris  during  the  years  1861  and  1862, 
and  foimd  a  mortality  of  8.2  and  0.56  per  cent.;  while 
Quinquaud  stated  that  65  per  cent,  of  air  women  deliv- 
ered in  the  St.  Antoine  Hospital  during  the  year  1869 
were  infected.  Moreover,  Delaunay  in  his  recent  history 
of  the  Maternite  de  Paris  reports  that  the  average  mor- 
tality for  the  ten  years  ending  with  1869  was  10.12  per 
cent.,  which  rose  as  high  as  18.43  per  cent,  in  1864. 


Naturally,  such  results  could  not  pass  unnoticed,  and 
the  subject  was  frequently  brought  up  for  discussion. 
Thus,  following  a  paper  on  puerperal  fever  by  Guerard 
before  the  Academic  de  Medecine  in  1858,  a  discussion 
arose  which  lasted  for  five  months,  which  led  to  no 
definite  conclusions,  although  participated  in  by  the  lead- 
ing authorities  in  France.  Similar  discussions  also 
occurred  before  the  Academic  in  1861  and  1862,  the 
Societe  de  Chirurgie  in  1866,  and  the  Soci^te  medicale 
des  hopitaux  in  1869  and  1870.  In  all  of  them  the  most 
divergent  views  were  expressed,  some  speakers  holding 
that  puerperal  fever  was  contagious,  and  others  that  it 
was  an  unavoidable  visitation  of  Providence.  All  sorts 
of  theories  were  advanced  in  explanation  of  its  origin, 
and  it  was  attributed  in  turn  to  the  peculiar  charac- 
teristics of  the  parturient  and  piierperal  woman,  to 
hospital  miasms  and  to  the  filthiness,  faulty  construc- 
tion and  ventilation  of  the  hospitals,  but  not  a  word  was 
said  concerning  the  dirty  hands  of  the  obstetrician. 
Every  suggestion  was  tested  as  soon  as  made,  but  still 
the  mortality  continued  unchecked.  Finally,  in  des- 
peration it  was  suggested  that  the  old  lying-in  hospitals 
be  abandoned  and  be  replaced  by  smaller  ones,  accommo- 
dating only  a  limited  number  of  women,  and  that  most 
women  be  cared  for  in  their  own  homes  or  in  small  insti- 
tutions conducted  by  specially  appointed  midwives.  At 
the  end  of  this  period,  the  results  had  become  so  intol- 
erable that  it  became  the  prevailing  opinion  that  epi- 
demics could  be  combated  only  by  closing  the  lying-in 
hospitals,  and  such  a  drastic  remedy  was  forcefully 
recommended  at  the  International  Congress  held  at 
Brussels  in  1875. 

The  prevalence  of  puerperal  fever  had  become  a 
scandal,  and,  passing  beyond  purely  medical  circles, 
engaged  the  earnest  attention  of  the  Bureau  of  Public 
Assistance,  whose  able  director,  Husson,  after  thor- 
oughly investigating  the  subject,  was  forced  to  admit 
that  he  saw  no  way  of  coping  with  it,  and  said : 

For  the  past  sixty  years  the  combined  efforts  of  the  admin- 
istration and  of  the  chiefs  of  service  of  health,  have  not  been 
able  to  control  the  curse  of  puerperal  fever,  and  up  to  this 
time  the  only  palliative  means  of  any  effect  in  opposing  the 
evil  has  been  the  momentary  evacuation  of  the  infected  wards. 
The  figures  received  from  the  Various  services  of  obstetrics 
still  show  a  mortality  high  enough  to  call  forth  investigation,' 
and  to  engage  the  friends  of  science  and  humanity  to  search 


in  every  possible  way  by  what  means  it  may  be  possible  to 
arrest  the  progress  of  so  terrible  a  malady,  which  up  to  the 
present  time  has  disappointed  all  calculations. 

It  is  interesting  to  note  that  the  monumental  work  of 
LeFort,  whose  statistics  are  quoted  above,  was  under- 
taken at  the  instigation  of  Husson ;  but,  when  the  report 
was  ready  and  showed  so  clearly  the  glaring  conditions 
in  France,  the  Bureau  of  Public  Assistance  would  not 
allow  it  to  be  published  under  its  auspices.  The  follow- 
ing quotation  from  Hervieux^s  immense  work  on  puer- 
peral infection,  which  appeared  in  1870,  will  also  serve 
to  indicate  the  gravity  of  the  situation : 

The  puerperal  epidemics  are  to  woman  what  war  is  to  man. 
Like  war  they  destroy  the  most  healthy,  the  bravest  and  the 
most  useful  portion  of  the  population;  like  war  they  take 
subjects  in  the  flower  of  their  age  and  spread  terror  and  deso- 
lation throughout  the  territory  which  they  devastate.  It 
belongs  to  politics  to  preserve  us  from  the  calamities  of  war, 
but  to  medicine  is  reserved  the  task  of  preventing  and  doing 
away  with  such  epidemics. 

PUERPERAL  FEVER  IN  GERMANY 

Conditions  similar  to  those  in  France  likewise 
obtained  in  Germ  an}',  but  owing  to  the  smaller  size  of 
its  lying-in  hospitals,  the  epidemics  were  usually  not  so 
extensive.  Hirsch,  in  his  handbook  of  historical- 
geographical  pathology,  stated  that  the  death-rate  in 
lying-in  hospitals  varied  from  2  to  4  per  cent.;  while 
Winckel,  on  the  basis  of  701,322  labors  in  hospitals  and 
381,855  in  prii-ate  practice,  calculated  that  the  average 
mortality  was  3.4  and  0.6  per  cent,  respectively. 

On  behalf  of  the  Berlin  Obstetrical  Society,  Boehr  in 
1877  undertook  to  study  the  mortality  from  puerperal 
fever  in  Prussia,  and  found  that  in  the  sixty  years  end- 
ing with  1875  the  appalling  number  of  363,624  women 
had  died  from  it  in  that  state  alone.  Moreover,  he  cal- 
culated that  the  disease  was  the  cause  of  12  per  cent,  of 
the  total  number  of  deaths  occurring  in  both  sexes 
between  the  ages  15  and  50  years  which  increased  to 
18.58  per  cent,  between  the  ages  25  and  30  years. 
Furthermore,  assuming  that  each  marriage  would  result 
in  4.2  children,  he  estimated  that  every  thirtieth  married 
woman  in  Prussia  would  eventually  fall  a  victim  to  it. 

Based  on  Boehr's  work,  and  its  own  investigations, 
a  committee  of  the  society  presented  a  DenTcsclirift  to  the 


minister  of  education,  in  which  it  was  stated  that  many 
more  persons  died  from  puerperal  fever  than  from 
cholera  and  small-pox  combined,  although  sixteen  epi- 
demics of  the  former  disease  had  occurred  during  the 
period  covered  by  the  statistics.  For  the  protection  of 
the  public  health,  it  was  urged  that  the  disease  be  made 
a  "notifiable'^  one,  so  that  steps  could  be  taken  to  regu- 
late the  practice  of  midwives.  Hegar  made  a  similar 
study  of  the  conditions  in  Baden  and  found  that  0.732 
per  cent,  of  all  labors  ended  fatally,  one-half  of  the  total 
number  of  deaths  being  due  to  puerperal  fever. 

While  such  results  were  bad,  they  did  not  compare 
with  the  conditions  prevailing  in  the  lying-in  hospitals. 
Busch  and  Seyfert  reported  a  mortality  of  2.58  per  cent, 
and  of  3.5  per  cent,  in  the  clinics  of  Berlin  and  Prague, 
respectively.  Carl  Braun  stated  that  in  98,902  deliv- 
eries in  the  Vienna  clinic,  between  the  years  1839  and 
1853,  the  mortality  was  4.6  per  cent.,  which  even  in  the 
pay  department  reached  2.9  per  cent.  Ahlfeld  relates 
that  during  the  year  in  which  he  served  as  intern  in  the 
Leipzig  clinic,  5  per  cent,  of  the  women  died  from  puer- 
peral fever  and  47.3  per  cent,  were  seriously  sick. 

Similar  results  might  be  adduced  more  or  less  indef- 
initely, but  it  will  suffice  to  mention  that  Feige  recorded 
a  mortality  of  13  per  cent,  in  the  Charite  in  Berlin  in 
1861  and  1862.  Olshausen  one  of  3.3  per  cent,  in  Halle 
for  the  years  1871-1875,  and  Hecker  one  of  1.3  per  cent, 
in  Munich  for  the  twenty  years  ending  1879.  The  work 
of  Boehr  was  continued  by  Ehlers  in  1900,  who  found  as 
the  result  of  aseptic  precautions  that  tlie  mortality  in 
the  large  cities  had  been  reduced  by  one-half,  but  had 
remained  practically  unchanged  in  the  country  districts. 

PUERPERAL  FEVER  IN  GREAT  BRITAIN 

Epidemics  of  puerperal  fever  were  reported  in  the 
eighteenth  century  by  Hunter,  Denman,  Hulme,  Leake, 
Kirkland,  Clarke,  White,  Gordon  and  others,  the  most 
extensive  being  that  recorded  by  White  in  the  Lying-in 
Hospital  of  Manchester,  where  the  mortality  was  4.1 
per  cent,  between  the  years  1755  and  1771.  Owing  to 
the  comparatively  small  size  of  the  lying-in  hospitals  of 
Great  Britain,  and  particularly  to  the  early  recognition 
by  English  physicians  of  the  contagious  nature  of  puer- 
peral fever  and  its  relation  to  erysipelas,  the  epidemics 
were  not  so  extensive  and  were  less  fatal  than  those  on 


the  continent ;  nevertheless,  prior  to  the  antiseptic  period 
the  results  obtained  were  very  discouraging.  Until 
recently,  the  Eotunda  Hospital  in  Dublin  was  the  only 
large  lying-in  institution  in  the  British  Empire,  and  its 
results  have  been  recorded  by  Churchill,  Kennedy  and 
Steele*  The  latter  stated  that  in  198,481  labors,  occur- 
ring up  to  the  year  1870  the  average  mortality  was  1.39 
per  cent.,  which  rose  to  3.27  per  cent,  between  1861  and 
1870.  He  also  reported  that  for  the  twenty-two  years 
preceding  and  including  1876,  the  several  London 
lying-in  hospitals  presented  the  following  mortalities : 

Per  cent. 

Queen  Charlotte  Hospital    . .  .* 2.82 

British   Lying-in   Hospital 1.57 

General    Lying-in    Hospital 1.41 

City  of  London  Lying-in  Hospital 1.35 

According  to  Bristowe  and  Holmes  the  mortality  in 
the  York  Eoad  Hospital  for  the  twenty-four  years  end- 
ing with  1858  was  2.9  per  cent.,  which  rose  to  26.7  per 
cent,  during  the  epidemic  in  1838 ;  while  Florence  Night- 
ingale stated  that  between  1862  and  1865  the  mortality 
in  the  Kings  College  lying-in  department  was  3.3  per 
cent,  and  was  considered  so  serious  that  the  service  was 
discontinued. 

Some  idea  of  the  seriousness  with  which  the  condition 
was  regarded  was  shown  by  the  appearance  of  an  editor- 
ial in  the  Lancet,  only  a  few  weeks  after  the  appearance 
of  Lister^s  first  article  on  antiseptic  surgery,  recom- 
mending the  closing  of  all  lying-in  hospitals.  More- 
over, Kennedy  in  1869  advocated  evacuating  the 
Rotunda  Hospital  in  Dublin  and  delivering  the  women 
in  tents  or  shacks  scattered  throughout  its  grounds; 
while  Florence  Nightingale  considered  that  large  lying- 
in  hospitals  could  never  be  conducted  safely  and  that 
their  employment  for  the  training  of  students  was 
incompatible  with  a  low  death-rate. 

Following  a  paper  by  Spencer  Wells,  the  entire  ques- 
tion of  puerperal  infection  was  thoroughly  discussed 
before  the  London  Obstetrical  Society  in  1875.  All  of 
the  prominent  obstetricians  of  the  time  took  part  in  the 
discussion,  and,  while  the  most  divergent  views  were 
expressed  concerning  its  nature,  the  general  consensus 
of  opinion  was  that  lying-in  hospitals  had  an  inherent 
mortality  which  could    probably    never    be    overcome. 
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This  feeling  is  well  illustrated  by  the  following  quota- 
tion from  Barnes : 

There  is  only  one  secret  of  safety,  and  that  is  to  have  the 
woman  confined  at  her  own  house  where  she  can  have  her  own 
nurse,  who  has  not  been  anywhere  in  the  way  of  infection,  and 
her  own  medical  man  who  is  free  from  infection.  Then  the 
chances  are  that  she  will  come  on  favorably  and  happy.  With- 
out that  there  is  no  security.  The  lying-in  hospital  is  not 
now  by  any  means  so  serious  a  matter  as  it  used  to  be;  still 
it  is  always  like  sitting  on  a  volcano;  it  may  explode  at  any 
moment. 

Furtherniore,  the  general  feeling  of  hoplessness  was 
well  expressed  by  Duncan,  in  his  monograph  on  "The 
Mortality  of  Childbed/^  when  he  said: 

The  disease  may  have  its  ravages  restricted,  but  it  is  yet  to 
be  shown  that  it  can  be  altogether  prevented.  It  is  in  truth 
as  little  preventable  as  any  disease  in  the  nosology,  or  any 
crime  in  the  statute-book.  It  is  possibly  preventable,  but  it 
has  certainly  never  been  prevented. 

Even  after  the  introduction  of  antiseptic  methods, 
the  views  as  to  the  undesirability  of  lying-in  hospitals 
continued  to  persist  in  England;  and  as  late  as  1885 
one  of  the  sections  in  Playfair^s  text-book  on  midwifery 
was  entitled  ^^Should  Lying-in  Hospitals  Be  Abolished  ?'^ 
Indeed,  the  improvement  in  that  country  has  been  less 
marked  than  elsewhere,  as  Cullingworth,  after  study- 
ing the  statistics  of  the  Registrar  Generals  office  for 
1897,  stated  that  the  general  mortality  had  shown  no 
decrease,  except  as  compared  with  the  year  1843 ;  while 
Boxall  reported  a  similar  condition  of  affairs  as  late 
as  1905. 

PUERPERAL   FEVER   IN   THE   UNITED   STATES 

That  the  United  States  was  not  spared  in  this  regard 
is  shown  by  the  fact  that  Hodge  reported  a  mortality 
of  5.6  per  cent,  in  the  Pennsylvania  Hospital  for  the 
thirty  years  preceeding  1833.  Lusk  observed  an  epi- 
demic in  the  Bellevue  Hospital  in  1872  with  a  mortal- 
ity of  18  per  cent.,  which  led  to  the  removal  of  the 
department  to  Blackwell's  Island.  But  even  there  the 
infection  continued  until  after  the  introduction  of 
antiseptic  methods.  Similar  results  were  observed  in 
the  Xew  York  Maternity  Hospital,  where  Garrigues 
noted  a  mortality  of  4.17  per  cent,  for  the  years  1875- 
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1883,  which  in  the  latter  year,  just  prior  to  the  intro- 
duction of  antiseptic  methods,  rose  to  7.17  per  cent. 

PUERPERAL  FEVER  IN  SCANDINAVIA 

Even  Scandinavia  was  not  spared,  and  Stadfeldt 
reported  the  following  results  from  the  Copenhagen 
lying-in  hospital :  1822-1843,  5.3  per  cent. ;  1850-1864, 
4.1  per  cent. ;  1865-1874,  2  per  cent.  Similar  conditions 
prevailed  in  Stockholm,  and  according  to  Netzel  the 
average  mortality  was  4.5  per  cent,  in  45,863  labors 
occurring  in  the  lying-in  hospital  during  the  102  years 
ending  1877,  and  in  four  years  it  rose  as  high  as  13  per 
cent. 

VIEWS    CONCERNING   THE   NATURE    OF    PUERPERAL   FEVER 

Sedillot  stated  in  1817  that  puerperal  fever  was  not 
a  distinct  disease,  but  rather  an  ordinary  infection, 
which  was  modified  by  the  puerperal  state.  It  required, 
however,  nearly  seventy  years  before  this  doctrine 
became  generally  accepted. 

The  infectious  nature  of  puerperal  fever  was  first 
clearly  emphasized  by  Gordon  of  Aberdeen,  who  based 
his  conviction  on  seventy-seven  cases  observed  during  an 
epidemic  in  Aberdeen  between  the  years  1789  and  1792. 
Among  other  things,  in  his  forceful  monograph,  he 
wrote : 

"It  is  a  disagreeable  declaration  for  me  to  mention 
that  I  myself  was  the  means  of  carrying  the  infection 
to  a  great  number  of  women";  and,  in  another  place, 
"Fresh  air  and  cleanliness  are  not  sufficient  for  the 
destruction  of  the  contagion,  which  can  only  be  effected 
by  fire  and  smoke." 

Notwithstanding  these  clear-cut  teachings,  and  the 
conclusive  evidence  which  Gordon  adduced  in  their  sup- 
port, the  medical  world  was  but  little  affected,  and  it 
was  not  until  after  the  introduction  of  Listerian 
methods  that  such  ideas  became  generally  accepted. 
Similar  views  were  forcibly  and  eloquently  expressed 
in  1843  by  Oliver  Wendell  Holmes  in  his  monograph 
on  "The  Contagiousness  of  Puerperal  Fever,"  which 
was  reprinted  with  additions  in  1855  under  the  title 
"Puerperal  Fever  as  a  Private  Pestilence."  His  teach- 
ings, however,  were  opposed  by  Hodge  and  Meigs,  the 
leading  obstetricians  of  the  day,  and,  while  impressing 
many  practitioners  with  the  necessity  of  temporarily 
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abstaining  from  obstetric  work  when  several  fever  eases 
had  occurred  in  their  practice,  they  had  no  effect  on 
the  results  obtained  in  lying-in  hospitals.  Kneeland 
expressed  similar  views  in  1847,  which  met  with  the 
salne  fate. 

The  most  important  contribution  to  this  aspect  of 
the  subject  was  made  by  Semmelweis  in  1847,  who, 
after  carefully  studying  the  causes  underlying  the  hor- 
rible mortality  in  the  lying-in  hospital  of  Vienna,  came 
to  the  conclusion  that  th6  disease  was  identical  with 
wound  infection,  and  was  due  to  the  contamination  of 
patients  by  hands  soiled  by  contact  with  autopsy  mate- 
rial or  wound'  secretions.  Furthermore,  he  thought  that 
its  propagation  could  be  checked  by  washing  the  hands 
in  a  solution  of  chlorinated  lime,  by  which  means  he 
was  able  to  reduce  the  mortality  from  11.4  to  1.27  per 
cent. 

Semmelweis'  views  concerning  the  nature  and  causa- 
tion of  puerperal  fever  were  perfectly  clear;  and  if,  in 
the  following  quotation,  one  substitutes  the  words 
'^pyogenic  bacteria"  for  "decomposed  animal  organic 
material"  his  conception  holds  perfectly  good  at  the 
present  time.  After  stating  that  he  regarded  child-bed 
fever  as  a  resorption  fever,  he  continued: 

The  decomposed  animal  organic  material,  which  when 
absorbed  causes  child-bed  fever,  is  in  the  vast  majority  of  cases 
brought  to  the  individual  from  without.  These  are  the  cases 
which  represent  child-bed  fever  epidemics,  and  these  are  the 
cases  which  can  be  prevented.  The  carrier  of  the  decomposed 
animal  organic  material  is  the  examining  finger,  the  operating 
hand,  bed-clothes,  the  atmospheric  air,  sponges,  the  hands  of 
midwives  and  nurses  which  have  been  in  contact  with  the 
excreta  of  seriously  sick  puerperal  women  or  other  ill  persons 
and  then  handle  parturient  or  recently  delivered  women.  In 
a  word,  the  carrier  of  the  decomposed  animal  organic  mate- 
rial is  anything  which  has  been  contaminated  by  decomposed 
animal  organic  material  and  then  comes  in  contact  with  the 
genitals  of  the  individual.  The  area  from  which  the  decom- 
posed animal  organic  material  is  absorbed  is  the  internal  sur- 
face of  the  uterus,  extending  upward  from  the  internal  os. 
As  the  result  of  pregnancy  this  has  been  robbed  of  its  mucous 
membrane,  and  accordingly  presents  a  surface  which  is  unusu- 
ally adapted  for  absorption. 

His  original  observations  were  brought  to  the  atten- 
tion of  the  profession  by  Hebra  in  1847,  while  his  entire 
doctrine  was  laid  down  in  his  book,  "Die  Aetiologie, 
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der  Begriff  und  die  Prophylaxis  des  Kindbettfiebers/^ 
which  appeared  in  1861.  In  spite  of  his  clear-cut  views, 
his  teachings  were  opposed  by  the  leading  authorities  of 
Germany  and  France,  and  he  died  a  disappointed  man. 
He  nevertheless  prophesied  that  his  views  would  event- 
ually be  universally  accepted,  and,  in  a  postscript  to  his 
great  work,  wrote : 

But  should  it  not  be  vouchsafed  me,  which  I  hope  God  may 
prevent,  to  see  this  happy  time  with  my  own  eyes,  nevertheless 
the  conviction  that  such  a  time  must  inevitably  come  sooner 
or  later  will  cheer  me  in  my  dying  hour. 

Almost  simultaneously  with  Semmelweis,  Simpson 
insisted  on  the  contagious  nature  of  the  disease  and  its 
identity  with  ordinary  wound  infection.  More  or  less 
similar  views  were  also  expressed  by  Tarnier  in  1856 
and  by  Trousseau  in  1858;  but  it  was  necessary  for 
many  years  to  elapse  before  they  were  accepted  by  the 
general  mass  of  the  profession. 

The  discrepancy  of  opinion  on  the  subject  is  well 
illustrated  in  connection  with  the  proposal  to  erect  a 
new  lying-in  hospital  in  Prague,  when  the  Bohemian 
Landtag  submitted  to  a  commission  composed  of 
Oppolzer,  Eokitansky,  Skoda,  Virchow,  Lange,  Schwarz, 
Hecker  and  Loeschner,  a  series  of  questions  concerning 
the  contagiousness  of  puerperal  fever  and  the  advisabil- 
ity of  replacing  large  lying-in  hospitals  by  small  ones. 
Without  hesitation,  the  first  three  members  of  the  com- 
mission replied  that  the  disease  was  infectious  and  its 
spread  could  be  prevented  by  proper  precautions; 
,  whereas,  the  remaining  members  held  various  views, 
but  all  agreed  that  large  lying-in  hospitals  were  highly 
dangerous  and  that  the  disease  could  be  combated 
only  by  greatly  limiting  the  number  of  women  cared 
for  in  such  institutions. 

A  similar  divergence  of  opinion  continued  until  after 
1875,  when  the  discoveries  of  Lister  and  the  bacterial 
origin  of  puerperal  fever  first  began  to  be  accepted. 
Prior  tt)  that  time,  the  condition  was  generally  consid- 
ered as  unavoidable,  and  was  attributed  to  cosmic,  atmos- 
pheric or  telluric  influences,  to  the  genius  epidemicus, 
imperfect  ventilation  and  all  sorts  of  other  conditions; 
but,  with  the  exception  of  a  few  far-seeing  men,  no  one 
believed  that  it  could  be  communicated  from  one 
patient  to  another  by  means  of  a  dirty  finger. 
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The  teachings  of  Lister  were  introduced  into  France 
in  1875  by  Championni^re  and  Budin,  and  were  popu- 
larized in  Germany  by  a  personal  tour.  Ahlf eld  has 
given  an  interesting  reminiscence  of  Lister^s  visit  to 
Leipsic  at  that  time,  and  has  preserved  a  verse  sung  in 
his  honor. 

Just  sind  es  jetzt  fiinf  Jahre  her, 

Da  drang  die  Kunde  libers  Meer; 

Es  lebt  ein  Mann  in  Edinburg, 

Das  sei  ein  eigener  Chirurg, 

In  Karbolnebel  eingehtillt, 

Der  rings  die  Luft  mit  Dtinsten  fiillt, 

Betriebe  er  mit  aller  Macht, 

Die  niedere  Bakterienjagd     .     .     . 

Prior  to  that  time  only  a  few  voices  were  raised  in 
support  of  the  bacterial  nature  of  puerperal  fever,  and 
Lee  and  Sir  Spencer  Wells  were  practically  alone  in 
England  in  advocating  it.  Indeed,  such  views  did  not 
begin  to  receive  general  acceptance  until  after  Pasteur 
had  cultivated  the  streptococcus  and  demonstrated  it 
before  the  Academic  de  MMecine  de  Paris,  in  March, 
1879. 

It  is  interesting  to  recall  the  fact  that  the  demonstra- 
tion was  preceded  by  a  paper  by  Hervieux,  in  which 
he  said: 

"I  lay  down  the  principle  that  the  inferior  organisms  as  yet 
known,  vibrions,  bacteria,  batonnets  and  moving  bodies,  cannot 
possibly  explain  the  production  of  puerperal  septicemia,"  and 
concluded,  "but  I  must  confess  that  I  have  a  terrible  fear,  a 
fear  from  which  I  am  not  able  to  rid  myself,  and  which  the 
academy  will  understand;  and  that  is  that  I  shall  die  before 
any  one  will  have  discovered  that  vibrion." 

Immediately  afterwards  Pasteur  arose  and  drew  on 
the  blackboard  several  chains  of  little  dots,  which  he 
stated  he  had  every  reason  to  believe  were  its  actual 
cause.  This  was  the  beginning,  but  many  years  of  per- 
sistent investigation  were  required  before  the  bacterial 
nature  of  puerperal  infection  was  universally  recog- 
nized, and,  even  as  late  as  1886,  Crede  in  Germany  and 
Munde  in  this  country  were  doubtful  whether  sufficient 
proof  had  been  adduced  in  its  support. 

THE  DEVELOPMENT  OP  BACTERIOLOGY ;  AND  RECOGNITION 
OF  BACTERIAL  ORIGIN  OF  PUERPERAL  INFECTION 

This  is  not  the  place  to  trace  the  history  of  the  devel- 
opment of  bacteriology  in  general,  or  even  its  applica- 
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tion  to  wound  infection.  As  far  as  I  can  learn,  the  rela- 
tion of  bacteria  to  infectious  diseases,  and  the  necessity 
of  recourse  to  animal  experimentation  for  its  demonstra- 
tion, was  first  clearly  expressed  by  Henle  in  1840.  He 
prophesied  that  the  ^^contagium'^  in  infectious  diseases 
must  be  a  living  organism,  and  laid  down  the  following 
criteria,  which  must  be  fulfilled  in  order  to  prove  such 
a  relationship : 

1.  The  constant  presence  of  one  and  the  same  microorgan- 
ism. 

2.  Its  isolation. 

3.  The  experimental  study  of  the  same  by  animal  experi- 
mentation. 

Following  this,  the  development  of  bacteriology  as 
applied  to  medicine  was  comparatively  slow,  and  it  was 
not  until  after  the  work  of  Pasteur  on  putrefaction, 
and  the  application  of  his  ideas  to  surgery  by  Lister, 
that  very  considerable  advances  were  made.  Indeed, 
it  may  be  said  that  extensive  development  along  these 
lines  was  not  possible  until  after  Koch,  by  the  discovery 
of  solid  culture  media,  had  put  into  our  hands  a  conve- 
nient method  of  isolating  and  cultivating  bacteria. 
Almost  immediately  following  this  invention,  the  vari- 
ous bacteria  concerned  in  ordinary  wound  infection 
were  isolated  and  their  pathogenic  action  demonstrated 
experimentally  on  animals.  Aside  from  Pasteur  and 
Koch,  the  greater  part  of  this  work  was  done  by  Ogston, 
Eosenbach,  Passet,  Garre  and  Fehleisen,  and  so  con- 
vincing was  their  demonstration,  that  the  information 
concerning  the  pyogenic  cocci  given  in  Baumgarten^s 
"Handbuch  der  pa'thologischen  Mycologie"  in  1887  is 
almost  as  satisfactory  as  that  available  at  the  present 
time.  Moreover,  between  the  years  1884  and  1889,  the 
work  of  Carle  and  Eattone,  Nicolaier  and  Kitasato 
resulted  in  the  isolation  of  the  tetanus  bacillus,  and  the 
conclusive  experimental  demonstration  of  its  pathogenic 
action. 

All  of  these  discoveries  were  based  on  animal  experi- 
mentation, and  indeed  it  may  be  said  that  none  of  the 
important  advances  in  bacteriology  would  have  been 
possible  without  its  aid.  Occasionally,  enthusiastic 
investigators,  such  as  Bumm,  Garre,  Bockhart  and 
Fehleisen,  made  experiments  on  their  own  persons,  and 
thereby  still  further  convinced  themselves  of  the  patho- 
genic properties  of  certain  pyogenic  bacteria. 


16 

Following  the  recognition  of  the  bacteria  concerned 
in  the  production  of  wound  infection,  it  became  possible 
to  test  the  eflBciency  of  the  various  antiseptics  recom- 
mended for  their  destruction.  It  is  particularly  to 
Koch  that  we  are  indebted  for  the  fundamental  con- 
tribution to  the  doctrine  of  disinfection,  and  for  the 
demonstration  of  the  great  value  of  bichlorid  of  mer- 
cury. Further  investigation,  however,  gradually  mate- 
rially impaired  our  faith  in  the  eflBcacy  of  antiseptics, 
and  led  to  the  development  of  aseptic  surgery.  This 
resulted,  on  the  one  hand,  from  the  demonstration  of 
the  deleterious  action  of  disinfectants  on  the  tissues, 
and  on  the  other,  from  the  recognition  of  the  practical 
impossibility  of  rendering  the  hands  absolutely  sterile 
by  means  of  antiseptic  solutions.  The  realization  of 
the  latter  fact  led  to  the  introduction  of  rubber  doves, 
which  has  enabled  us  to  do  away  with  all  danger  of 
infection  by  the  hand  of  the  operator,  and  together  with 
the  sterilization  of  dressings,  instruments  and  suture 
material  by  means  of  steam,  has  reduced  to  the  lowest 
possible  limits  the  possibility  of  the  introduction  of 
bacteria  into  wounds. 

All  of  these  advances  were  based  directly  on  the  prac- 
tical application  of  bacteriology,  and  this  in  turn  owed 
its  development  solely  to  animal  experimentation. 
Manninger,  after  a  careful  historical  review  of  the 
development  of  antiseptic  and  aseptic  surgical  technic, 
makes  the  same  statement,  and  holds  that  in  no  other 
field  have  its  benefits  been  so  clearly  marked  as  in  obste- 
trics. 

As  far  as  I  have  been  able  to  le^rn,  Semmelweis  in 
1846  was  the  first  to  resort  to  animal  experimentation 
in  the  hope  of  solving  the  problem  of  puerperal  infec- 
tion. He  introduced  into  the  freshly  delivered  uterus 
of  animals,  uterine  discharges  and  peritoneal  exudate 
from  infected  women,  as  well  as  the  exudate  from  men 
dead  of  peritonitis,  and  in  the  majority  of  instances 
was  able  to  bring  about  the  death  of  the  animal  from 
infection.  Animal  experiments  were  also  made  by 
Tarnier,  Mayrhofer,  Coze  and  Feltz,  Qiiinquaud,  Orth, 
Heiberg,  Eberth,  D'Espine,  Kehrer,  Karewsky,  Miller, 
Pasteur  and  Doleris  and  many  other  later  investigators. 

Of  these  Mayrhofer,  Coze  and  Feltz,  Pasteur  and 
Doleris  deserve  especial  mention.  The  former  in  1864 
observed  bacteria  in  the  interior  of  the  infected  uterus. 
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which  he  described  as  vibrions,  and  by  the  injection  into 
animals  of  lochia  containing  them  was  able  to  repro- 
duce the  disease.  Coze  and  Feltz  in  1869  apparently 
demonstrated  the  presence  of  streptococci  in  the  blood 
of  women  dying  from  puerperal  fever,  arid  cultivated 
them  in  rudimentary  fluid  culture  media.  They  also 
produced  death  in  animals  by  their  innoculation.  As 
has  already  been  mentioned,  Pasteur  was  the  first  to 
describe  clearly,  and  to  cultivate  the  streptococcus  from 
cases  of  puerperal  infection,  and  together  with  his  col- 
laborator Dol6ris  effectively  demonstrated  its  etiologic 
significance. 

Following  Pasteur,  it  has  gradually  been  demon- 
strated that,  while  the  streptococcus  is  the  organism 
most  usually  concerned  in  the  production  of  fatal  puer- 
peral infections,  all  of  the  pyogenic  bacteria,  which 
play  a  part  in  ordinary  wound  infection,  may  likewise 
give  rise  to  them.  Scarcely  any  one  who  has  busied 
himself  with  their  study  has  failed  to  resort  to  animal 
experimentation,  and  none  of  the  recent  advances  along 
this  line  would  have  been  possible  without  its  aid. 

Listerian  methods  were  not  adopted  in  gynecology 
and  obstetrics  until  after  1875,  and  for  the  succeeding 
few  years  the  chief  reliance  was  placed  on  the  free  use 
of  phenol  for  disinfecting  the  hands  and  dressings  and 
for  use  as  a  spray.  Such  jkecautions  were  soon  car- 
ried to  ridiculous  extremes,  and  at  the  acme  of  the 
antiseptic  period  it  was  thought  necessary  to  remove 
all  furniture  from  the  room  in  which  a  woman  was  to 
be  confined,  to  scrub  the  walls  and  floors  with  a  phenol 
solution  and  to  have  a  nebulizer  spray  it  on  the  external 
genitalia  during  the  second  stage  of  labor.  At  the  same 
time,  disinfection  of  the  hands  was  slighted,  as  it  was 
believed  that  their  immersion  in  a  phenol  solution  for 
a  few  moments  was  sufficient  to  render  them  absolutely 
sterile.  As  these  precautions  did  not  lead  to  the  complete 
disappearance  of  puerperal  infection,  the  attempt  was 
made  to  destroy  all  bacteria  in  the  birth  canal  by  means 
of  vaginal  and  intra-uterine  douches  of  phenol  solution, 
or  of  bichlorid  of  mercury,  after  its  introduction  in 
1881.  That  such  practices  were  not  without  danger  was 
soon  shown  by  the  appearance  in  the  literature  of  large 
series  of  cases  in  which  death  occurred  from  phenol  or 
bichlorid  poisoning. 
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With  the  gradual  development  of  clearer  ideas  con- 
cerning the  process  of  infection  and  the  limitations  of 
disinfection  in  general,  the  employment  of  antiseptic 
methods  was  gradually  abandoned  and  its  place  taken 
by  the  aseptic  technic  which  we  now  employ,  in  which 
less  and  less  importance  is  attached  to  chemical  disin- 
fection and  increasingly  more  weight  laid  on  absolute 
subjective  and  objective  cleanliness. 

RESULTS    FOLLOWING  THE   EICPLOYMENT   OF  ANTISEPTIC 

AND   ASEPTIC    TECHNIC 

Following  the  introduction  of  antiseptic  methods  into 
obstetrics,  there  occurred  a  marked  diminution  in  the 
death-rate  from  puerperal  infection,  which  however, 
was  nothing  like  so  great  as  in  the  later  or  aseptic 
period.  Thus,  Dohrn  analyzed  the  results  obtained  in 
104,278  women  delivered  in  forty-seven  German  lying- 
in  institutions  between  the  years  1874  and  1883  inclu- 
sive, and  found  an  average  mortality  of  1.37  per  cent. 
At  the  beginning  of  the  period  it  was  1.73  per  cent., 
and  became  reduced  to  0.96  per  cent,  at  its  end.  Mpre- 
over,  it  is  interesting  to  note  that  the  worst  results  were 
obtained  in  the  institutions  used  for  the  instruction  of 
students,  while  the  best  were  in  those  not  employed  for 
teaching  purposes,  the  mortality  averaging  1.9  and  0.56 
per  cent.,  respectively. 

When  compared  with  the  mortality  of  3  or  4  per 
cent.,  which  characterized  the  previous  decade,  the 
results  were  most  encouraging;  and  Dohrn  felt  that 
they  probably  could  not  be  improved  on,  as  he  stated 
that  "the  mortality  in  lying-in  hospitals  will  never  be 
lowered  for  any  great  length  of  time  to  the  percentage 
prevailing  in  private  practice;  and,  if  we  estimate  the 
latter  at  0.6  to  0.7  per  cent.,  the  institutional  mortality 
would  still  be  nearly  double  as  high.  The  lying-in 
institutions  have  to  contend  with  such  unfavorable  con- 
ditions that  such  results  as  in  private  practice  would 
never  be  permanently  possible.^^ 

Bar  stated  that,  following  the  introduction  of  anti- 
septic methods  in  the  Maternite  of  Paris,  the  mortality 
fell  to  1  per  cent,  in  1873  and  to  0.8  per  cent,  in  1882 ; 
while  Tarnier  has  given  a  very  graphic  picture  of  the 
conditions  in  the  same  hospital.  For  this  purpose  he 
distinguished  three  periods ;  namely,  from  1858  to  1869, 
from  1870  to  1880,  and  from  1881  to  1889,  and  desig- 
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nating  the  first  as  the  period  of  inaction,  the  second  as 
that  of  fight  against  contagion  and  the  third  as  the 
antiseptic  period,  recorded  a  mortality  of  9.31,  2.32 
and  1.05  per  cent.,  respectively.  On  the  other  hand,  at 
the  Clinique  where  Depaul  and  Pajot,  who  did  not 
believe  in  the  bacterial  nature  of  the  disease,  continued 
to  use  the  old  methods,  as  many  patients  died  as  previ- 
ously. 

With  the  gradual  development  of  aseptic  technic  and 
more  rigid  precautions  for  the  prevention  of  infection, 
better  and  better  results  were  obtained,  so  that  Her- 
mann in  1907  was  able  to  report  a  septic  mortality  of 
only  0.08  per  cent,  in  8,700  patients  delivered  under 
his  supervision  in  Mannheim.  Pinard  in  1909  reported 
a  net  mortality  of  0.15  per  cent,  in  45,633  deliveries  in 
the  Baudelocque  Clinic  during  the  eighteen  years  end- 
ing with  1908 ;  while  in  the  same  year  Markoe  recorded 
a  percentage  of  0.34  in  60,000  women  delivered  by  the 
Society  of  the  New  York  Lying-in  Hospital. 

At  the  present  time  it  is  safe  to  say  that  in  well- 
regulated  hospitals  the  mortality  from  puerperal  infec- 
tion is  less  than  0.25  per  cent.  This  is  in  great  con- 
trast with  the  average  mortality  of  3  to  4  per  cent, 
observed  throughout  the  world  prior  to  the  introduction 
of  antiseptic  methods,  and  means  that  only  one  woman 
now  dies  as  compared  with  fifteen  or  twenty  formerly. 
Moreover,  the  criterion  of  excellence  in  lying-in  hospi- 
tals is  now  not  so  much  the  actual  mortality  as  the 
morbidity  of  patients ;  namely ,v  the  percentage  in  whom 
the  temperature  rises  to  38  C.  or  100.4  F.  during  the 
first  ten  days  of  the  puerperium. 

This  improvement  is  astounding,  and  at  the  present 
time  it  is  safe  to  say  that  fewer  deaths  from  infection 
occur  in  well-regulated  lying-in  institutions  than  in 
private  practice,  notwithstanding  the  fact  that  in  the 
former  the  patients  are  freely  used  for  clinical  instruc- 
tion. In  this  regard  Dohrn  and  Florence  Mghtingale 
were  poor  prophets,  as  the  former  stated  that  such 
results  would  never  be  attained;  while  the  latter  held 
that  hospitals  could  not  be  rid  of  puerperal  infection  as 
long  as  they  were  used  for  the  instruction  of  students. 

This  revolution  must  be  attributed  to  animal  experi- 
mentation, which  made  possible  the  demonstration  that 
definite  bacteria  are  the  cause  of  wound  infection,  and 
that  one  of  its  varieties — puerperal  infection — is  due  to 
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the  introduction  of  pyogenic  bacteria  into  the  birth 
canal  of  parturient  women,  and  can  be  prevented  by 
appropriate  means.  Of  course,  it  may  be  urged  that  far- 
seeing  men,  such  as  Gordon,  Holmes,  Semmelweis  and 
Tarnier  realized  the  contagious  nature  of  puerperal 
fever  long  before  bacteriology  became  a  science.  They 
were  not,  however,  able  to  impress  their  belief  on 
the  profession,  and  consequently  no  improvement  was 
observed  until  the  bacterial  nature  of  the  disease  was 
clearly  demonstrated.  Formerly,  the  obstetrician  groped 
in  the  dark  in  his  attempt  to  identify  the  unknown  con- 
tagion, if  he  even  believed  in  its  existence;  while  now 
we  know  exactly  with  what  microorganisms  we  have  to 
deal,  and  the  means  to  adopt  in  order  to  overcome  them. 
At  the  present  time,  puerperal  infection  is  no  longer 
regarded  as  a  visitation  of  Providence,  but  is  attributed 
directly  to  the  introduction  of  bacteria  following  a 
%reak^^  in  aseptic  technic;  and,  whenever  a  case  occurs 
in  a  well-regulated  hospital,  the  director  immediately 
begins  to  inquire  how  it  happened,  and,  having  found 
the  source,  is  at  once  able  to  put  a  stop  to  further  spread 
of  the  disease. 

2.     THE   APPLICATION   OF  ASEPTIC   TECHNIC    TO 

OBSTETRIC  OPERATION^ 

The  same  factors  which  led  to  the  disappearance  of 
puerperal  fever  from  lying-in  hospitals  and  made  pos- 
sible the  wonderful  advances  in  general  surgery,  played 
an  identical  part  in  revolutionizing  the  results  following 
the  various  operative  procedures  in  obstetrics. 

This  is  most  strikingly  illustrated  by  contrasting  the 
results  following  Cesarean  section  and  symphyseotomy 
or  pubiotomy  during  the  preantiseptic  period  and  at  the 
present  time.  Even  as  late  as  1886,  Dr.  Robert  Barnes 
wrote : 

The  Cesarean  section  occupies  a  doubtful  place  between  con- 
servative and  sacrificial  midwifery.  It  is  conservative  in  its 
design,  in  its  ambition;  it  is  too  often  sacrificial  in  fact.  It 
is  resorted  to  with  a  feeling  akin  to  despair  for  the  fate  of  the 
mother,  which  is  scarcely  tempered  by  the  hope  of  rescuing 
the  child.  It  is  looked  upon  by  the  great  majority  of  obstet- 
ricians as  a  last  desperate  resource,  as  the  most  forcible  exam- 
ple of  that  kind  of  surgery  which  John  Hunter  regarded  as 
the  reproach  of  surgeons,  being  a  confession  that  their  art 
was  baffled. 
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From  1787  until  1879,  when  Tarnier  reported  his 
first  operation  under  antiseptic  precautions,  not  a  single 
successful  Cesarean  section  had  been  performed  in 
Paris;  while  Lusk,  in  the  early  eighties,  was  the  first 
successful  operator  in  New  York.  Dr.  Eobert  T.  Harris 
stated  that  in  the  forty  Cesarean  sections  performed  in 
the  United  States  up  to  the  year  1860,  the  mortality 
was  52  per  cent.;  while  Radford  estimated  it  at  84 
per  cent,  in  the  100  operations  performed  in  England 
up  to  that  time.  Indeed,  as  late  as  1887,  Harris  stated 
that  Cesarean  section  could  be  performed  more  safely 
by  the  horn  of  an  infuriated  bull  than  by  the  most 
accomplished  surgeon  in  the  best-equipped  hqspital  in 
America.  In  support  of  this  statement,  he  collected 
from  the  literature  nine  instances  in  which  the  abdomen 
of  pregnant  women  had  been  ripped  open  by  the  horn 
of  an  infuriated  bull,  with  five  recoveries ;  whereas,  only 
two  mothers  had  survived  the  eleven  Cesarean  sections 
which  had  been  performed  in  New  York  up  to  that  time. 

This  horrible  mortality  was  revolutionized  by  two 
factors:  namely,  the  development  of  antiseptic  surgery, 
and  the  description  by  Sanger  in  1882  of  a  proper 
technic  for  suturing  the  uterine  incision.  The  results 
following  their  adoption  were  so  striking  that  Caruso 
was  able  to  report  that  in  135  operations  performed 
between  the  years  1882  and  1888,  the  mortality  had 
been  reduced  to  25.56  per  cent.  Following  the  employ- 
ment of  more  rigid  technic  and  the  proper  selection 
of  cases,  this  was  gradually  lowered,  so  that  at  the 
present  time  Cesarean  section  is  undertaken  by  com- 
petent operators  without  hesitation,  and  gives  most  sat- 
isfactory results,  as  is  indicated  by  the  following  figures : 
Thus,  Biirger,  in  1908,  reported  a  gross  mortality  of 
3.4  per  cent,  in  116  consecutive  operations  performed  in 
Schauta's  clinic,  and  Markoe  one  of  6.45  per  cent,  in 
124  uncomplicated  cases  in  the  New  York  Lying-in 
Hospital.  Moreover,  Leopold  has  just  recorded  a  gross 
and  a  net  mortality  of  6.2  and  3.3  per  cent.,  respectively. 
in  303  operations  performed  in  the  Dresden  clinic,  and 
states  that  the  last  seventy  operations  were  uniformly 
successful.  In  this  countrv,  Eevnolds  has  thirtv  con- 
secutive  successful  operations  to  his  credit,  and  has 
pointed  out  that  the  danger  is  very  slight  if  the  opera- 
ation  is   performed   early,  but   increases   rapidly  with 
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each  hour    of    labor,    as    is    shown    by   the    following 
analysis : 

Per  cent. 

82  operations  before  onset  of  labor,  mortality. 1.2 

158  operations  early  in  labor,  mortality 3 

49  operations  late  in  labor,  mortality 12 

In  view  of  such  results,  one  may  say  that  the  mortality 
of  Cesarean  section,  performed  either  in  the  last  weeks 
of  pregnancy  or  at  the  very  beginning  of  labor,  should 
not  exceed  that  of  ordinary  gynecologic  laparotomies, 
which  is  between  1  and  2  per  cent.  This  striking  revo- 
lution is  due  entirely  to  the  development  of  aseptic 
surgical  .technic  and  to  the  restriction  of  the  operation 
to  uninfected  women,  who  have  not  been  subjected  to 
the  exhaustion  incident  to  prolonged  labor. 

Exactly  the  same  story  can  be  told  concerning  symphy- 
seotomy and  pubiotomy.  The  former  was  first  performed 
in  1777  by  Sigault,  and  immediately  afterward  enjoyed 
a  short-lived  popularity,  but  soon  gave  such  discouraging 
results  that  it  was  abandoned.  Harris  was  able  to  collect 
reports  of  70  cases  up  to  1858,  with  a  maternal  and  a 
fetal  mortality  of  37  and  67  per  cent.,  respectively. 

The  operation  was  resuscitated  in  Naples  shortly 
afterward,  and  between  1866  and  1880,  fifty  operations 
were  done,  with  a  maternal  mortality  of  20  per  cent. 
Following  the  introduction  of  antiseptic  technic,  it  came 
into  more  general  use,  and  Neugebauer  in  1893  calcu- 
lated that  the  mortality  had  fallen  to  11.1  per  cent. ; 
while  Maver  in  1908  stated  that  it  had  become  still 
further  reduced,  but  was  still  as  high  as  6  per  cent.  In 
view  of  the  relatively  high  death-rate,  and  the  more  satis- 
factory results  following  Cesarean  section,  the  operation 
gradually  fell  into  desuetude,  but  was  resuscitated  again 
in  1897  under  the  form  of  pubiotomy. 

Owing  to  the  further  development  of  aseptic  technic, 
and  the  exact  recognition  of  the  character  of  cases  sus- 
ceptible to  it,  the  mortality  of  pubiotomy  has  ])een  kept 
within  low  limits,  so  that  in  May,  1910,  T  was  able  to 
collect  from  the  literature  -reports  of  518  operations 
performed  by  less  than  twenty  operators,  with  a  gross 
mortality  of  1.9  per  cent.  In  my  clinic  thirty  odd 
pubiotomies  have  been  done  with  no  maternal  deatlis, 
while  Eoth  has  just  reported  eighty-five  operations  from 
Leopold's  clinic  with  two  deaths. 
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Similar  improvement  has  occurred  in  the  results  fol- 
lowing all  other  obstetric  operations — forceps,  version, 
induction  of  labor,  accouchement  force,  etc.  Unfortu- 
nately, it  must  be  admitted  that  owing  to  the  compara- 
tive immunity  from  danger  there  has  developed  a  tend- 
ency on  the  part  of  many  to  resort  unnecessarily  to 
operative  procedures,  when  Nature  alone  would  have 
brought  about  a  happy  termination.  Notwithstanding 
such  tendencies,  however,  the  general  result  is  most 
creditable,  and  stands  out  in  wonderful  contrast  to  that 
of  the  past,  and  has  each  year  been  the  means  of  saving 
the  lives  and  diminishing  the  suflEerings  of  thousands  of 
women. 

In  this  connection,  one  cannot  reiterate  too  strongly 
thaifc  all  of  these  advances  must  be  traced  back  to  the 
same  cause,  namely,  the  development  of  bacteriology 
and  of  aseptic  surgical  technic,  both  of  which  in  turn 
are  entirely  dependent  on  the  employment  of  animal 
experimentation. 

3.   THE  RECOGNITION  OF  THE  BACTERIAL  NATURE  OF 

CERTAIN  INFECTIOUS  DISEASES  IN  THE 

NEW-BORN  CHILD 

In  times  past,  probably  the  most  important  disease 
of  this  group,  occurring  in  lying-in  hospitals,  was  the 
so-called  puerperal  fever  of  the  new-born  child.  This 
condition,  which  was  studied  particularly  by  Schindler, 
Trousseau,  Lorain,  Hecker  and  Biihl,  Miiller  and  others, 
occurred  particularly  when  the  hospitals  were  ravaged 
by  puerperal  fever,  and  was  due  to  the  infection  of  the 
child  during  labor,  or  shortly  afterward.  In  the  first 
case,  the  amniotic  fluid  became  infected  during  the 
course  of  a  prolonged  labor  with  concomitant  infection 
of  the  air  passages  of  the  child  with  subsequent  develop- 
ment of  bronchopneumonia;  while  in  the  latter  case, 
infection  occurred  through  the  stump  of  the  umbilical 
cord.  In  either  event,  the  disease  was  extremely  fatal 
and  only  a  small  proportion  of  the  infected  children 
escaped,  while  autopsy  showed  one  or  more  of  the 
protean  manifestations  of  wound  infection;  especially, 
bronchopneumonia,  pleurisy,  peritonitis,  meningitis,  ery- 
sipelas, pyemia  or  general  septicemia. 

Some  idea  of  its  incidence  may  be  gained  from  the 
fact  that  a  mortality  of  7.62  per  cent,  was  observed  in 
the  18,329  children  delivered  in  the  Vienna  Hospital 
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prior  to  the  work  of  Semmelweis.  Following  the 
employment  of  the  precautions  against  puerperal  fever 
which  he  recommended,  the  fetal  death-rate  was  so 
markedly  reduced  that  Bednar.  who  had  charge  of  the 
Foundling  Asylum,  stated  "that  the  disease  of  the  chil- 
dren [blood  sepsis]  had  almost  entirely  disappeared  in 
consequence/*  Lorain  noted  a  similar  connection  in  the 
Maternity  of  Paris  and  reported  that  in  2,567  labors 
occurring  during  the  year  1854,  5.7  per  cent  of  the 
mothers  and  7.5  per  cent,  of  the  children  were  lost,  and 
the  high  mortality  continued  until  antiseptic  precau- 
tions were  introduced  by  Tarnier.  Hugenberger,  like- 
wise, estimated  that  the  average  fetal  mortality  in  the 
St.  Petersburg  Hospital  was  2.6  per  cent.,  which  rose  as 
high  as  14  per  cent,  during  puerperal  fever  epidemics ; 
while  Hecker  and  Biihl  observed  an  even  higher  death 
rate. 

At  the  present  time  this  condition  is  observed  but 
rarely,  and  then  only  in  the  case  of  women  who  are 
admitted  to  the  hospital  already  infected,  when  the  bac- 
teria contained  in  the  amniotic  fluid  gain  access  to  the 
child  and  give  rise  to  infection. 

As  long  as  epidemics  of  so-called  f eta]  puerperal  fever 
occurred,  comparatively  little  attention  was  paid  to  the 
actual  mode  of  infection,  but  with  the  subsidence  of  the 
disease,  the  question  was  more  carefully  studied.  It 
was  then  found  that  the  portal  of  entry  was  usually 
through  the  stump  of  the  umbilical  cord,  and  this  type 
of  infection  persisted  for  several  years  after  puerperal 
fever  had  practically  disappeared  from  lying-in 
hospitals. 

Occasionally  it  caused  a  terrible  mortality,  and  Paquy 
refers  to  the  experience  of  Meynet,  who  lost  17  per  cent, 
of  the  children  cared  for  in  a  creche  in  Lyons.     More- 
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over,  Eunge  stated  that  he  had  observed  a  mortality  of 
4  per  cent,  in  Strassburg,  as  well  as  nineteen  deaths  in 
the  Charite  in  Berlin  during  the  first  six  months  of 
1880.  His  investigations  showed  that  the  umbilical 
arteries  were  usually  involved,  while  infection  occurred 
only  exceptionally  through  the  vein. 

Following  the  introduction  of  antiseptic  methods  of 
caring  for  the  stump  of  the  umbilical  cord,  this  variety 
of  infection  rapidly  disappeared,  so  that  at  present  in 
well-regulated  hospitals  it  occurs  only  once  in  many 
hundred  cases.    At  the  same  time,  owing  to  the  faulty 
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technic,  so  often  observed  in  this  regard,  it  still  occurs 
too  frequently,  and  should  always  be  suspected  when- 
ever a  child  dies  without  well-marked  symptoms  indica- 
tive of  some  definite  disease,  when  autopsy  will  usually 
show  the  umbilical  arteries  distended  by  suppurating 
thrombi,  which  have  given  rise  to  peritonitis  or  a  gen- 
eral systemic  infection.  We  now  hold  that  the  condition 
always  results  from  bacterial  invasion,  which  is  usually 
streptococcic  in  character;  and  we  are  forced  to  attribute 
the  great  diminution  in  its  occurrence  to  the  recogni- 
tion of  its  true  nature,  which  was  made  possible  only  by 
the  development  of  bacteriology,  which  is  based  on 
animal  experimentation. 

Formerly,  large  numbers  of  new-bom  children  di^d 
each  year  from  tetanus,  and  Collins  stated  that  during 
his  mastership  at  the  Rotunda  in  Dublin,  one-fifth  of 
all  children,  dying  within  the  first  fortnight  after  deliv- 
ery, perished  from  it»  He  also  referred  to  the  epidemics 
observed  during  the  mastership  of  Dr.  Clarke,  who  said 
"At  the  conclusion  of  the  year  1782,  of  17,650  infants 
born  alive  in  the  hospital,  2,944  died  within  the  first 
fortnight,  and  nineteen  out  of  twenty  of  these  died  of 
nine-day  fits.^^  This  indicates  a  total  fetal  mortality  of 
16.6  per  cent.,  of  which  95  per  cent,  was  due  to  tetanus. 
This  epidemic  was  held  in  check  by  the  greatest  atten- 
tion to  ventilation  and  cleanliness,  but  that  the  disease 
was  not  entirely  eradicated  is  shown  by  the  experience 
of  Collins  forty  or  fifty  years  later. 

Similar  epicjemics  have  also  been  noted  in  other  parts 
of  the  world,  one  of  the  most  remarkable  having 
occurred  in  the  Island  of  St.  Kilda,  and  was  described 
by  Mitchell  in  1865.  In  this  epidemic,  67.2  per  cent, 
of  all  new-born  children  died,  and  the  horrible  death- 
rate  continued  until  antiseptic  methods  of  caring  for 
the  cord  were  introduced,  when  Turner  reported  that 
dusting  the  stump  with  iodoform  had  led  to  its  com- 
plete disappearance.  Until  comparatively  recently,  the 
negro  race  in  the  South  was  often  decimated  by  tetanus 
neonatorum,  and  the  extent  of  its  ravages  may  be  gained 
from  the  following  quotation  from  Grier : 

We  have  known  more  than  one  instance,  in  which,  of  the 
births  for  one  year,  one-half  became  the  victims  of  this  disease, 
and  that,  too,  in  spite  of  the  utmost  watchfulness  and  care  on 
the  part  of  both  planter  and  physician.  Other  places  are  more 
fortunate,  but   all  suflfer  more  or  less,  and   the  planter  who 
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escapes  a  year  without  having  to  record  a  case  of  trismus 
nascentium  may  congratulate  himself  as  being  more  favored 
than  his  neighbors,  and  prepare  himself  for  his  own  allottment, 
which-  is  surely  and  speedily  to  arrive. 

Similar  conditions  likewise  obtained  in  Jamaica,  and 
as  early  as  1835  Maxwell  reported : 

From  observations  I  have  made  for  a  series  of  years,  I  found 
that  the  depopulating  influence  of  trismus  neonatorum  was  not 
less  than  25  per  cent.  It  scarcely  has  a  parallel  on  the  bills 
of  mortality. 

Unfortunately,  the  same  condition  still  prevails,  as 
Pescay  recorded  identical  results  in  1900.  How  seri- 
ously the  disease  was  formerly  regarded  is  shown  by  the 
fact  that  the  1889  edition  of  Dr.  J.  Lewis  Smithes  text- 
book on  diseases  of  children  contained  a  chapter  of 
twenty-one  pages  on  the  subject. 

Prior  to  the  isolation  of  the  tetanus  bacillus,  the  con- 
dition was  attributed  to  filth  and  impure  air,  but  with 
the  recognition  of  its  specific  cause  and  the  employment 
of  aseptic  methods  in  the  treatment  of  the  umbilical 
cord,  it  has  practically  disappeared,  and  I  have  never 
encountered  a  case  in  more  than  10,000  newlv-born  chil- 
dren  under  my  supervision.  This  advance,  just  as  all  the 
others,  to  which  I  have  referred,  must  be  attributed 
solely  to  the  employment  of  animal  experimentation,  for 
without  its  aid  the  tetanus  bacillus  could  not  have  been 
isolated,  nor  its  characteristic  pathogenic  properties 
demonstrated. 

4.     THE   BIOLOGIC   TESTING   OF  ERGOT 

This  drug,  which  is  now  so  freely  employed  through- 
out the  civilized  world  for  the  control  of  postpartum 
hemorrhage  by  the  stimulation  of  uterine  contractions, 
was  first  described  medically  by  Dr.  John  Stearns  of 
Waterford,  N.  Y.,  in  1808;  while  we  owe  the  first  dis- 
sertation on  its  physiologic  action  to  Prescott  of  Boston 
in  1822.  Following  this,  its  complicated  constitution 
has  given  rise  to  almost  countless  investigations,  and 
pharmacologists  are  not  yet  in  agreement  concerning 
its  active  principles.  Some  idea  of  the  amount  of  work 
done  on  the  subject  may  be  gained  from  the  fact  that 
Griinfeld,  in  his  study,  which  appeared  in  1892,  required 
fourteen  pages  arranged  in  double  column  to  contain  a 
list  of  the  publications  of  the  previous  twenty-five  years. 


21 

Some  of  the  most  important  contributions  to  the 
action  of  the  driig  we  owe  to  Kobert,  Jacoby,  Griinfeld, 
Barger  and  Dale.  Ever  since  its  employment  for  medi- 
cinal purposes  very  conflicting  statements  have  been 
made  concerning  its  active  principles  and  physiologic 
action,  and  it  was  not  until  after  the  careful  studies  of 
Griinfeld  that  the  cause  for  the  discrepancy  was  recog- 
nized. He  found  that  the  powdered  drug  rapidly  lost 
its  medicinal  properties;  and  while  a  certain  prepara- 
tion might  be  very  potent  when  first  prepared,  it  so 
rapidly  deteriorated  as  to  be  practically  without  physio- 
logic effect  after  being  kept  for  four  or  five  months.  The 
recognition  of  this  fact  led  to  the  necessity  of  devising 
some  method  for  testing  the  physiologic  activity  of  the 
various  preparations  of  ergot  before  putting  them  on 
the  market. 

Unfortunately,  no  method  of  chemical  analysis  or  assay 
has  as  yet  been  devised  to  enable  manufacturing  chem- 
ists or  physiologists  to  determine  the  value  of  a  given 
preparation,  so  resort  was  necessarily  had  to  biologic  or 
physiologic  tests  for  the  purpose.  From  the  earliest 
times  it  had  been  noted  that  an  efficient  preparation 
would  lead  to  marked  bluing,  and  eventually  to  gan- 
grene of  the  comb  and  wattles  of  the  rooster;  although 
later  investigations  tended  to  show  that  such  a  result 
was  not  necessarily  an  index  of  its  action  on  the  uterus, 
as  it  had  been  demonstrated  that  the  gangrene-produc- 
ing properties  were  quite  independent  of  those  causing 
uterine  contraction.  Consequently,  other  modes  of 
investigation  became  necessary.  Kurdinowski  deter- 
mined its  physiologic  activity  by  testing  its  effect  on  the 
isolated  uterus,  Kehrer,  instead,  used  thin  slices  from 
the  uterus  of  freshly  killed  pregnant  animals,  while 
Cronin  and  Henderson  studied  in  animals  its  effect  on 
the  blood-pressure. 

According  to  Crawford,  most  manufacturing  chemists 
at  the  present  time  test  its  efficiency  on  the  cock's  comb 
and  wattles;  although  he  states  that  it  would  be  pre- 
ferable to  employ  the  living  uterus,  as  recommended  by 
Kurdinowski  and  Kehrer.    In  anv  event  the  manufactur- 
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ing  chemist  must  resort  to  some  such  form  of  animal 
experimentation  in  testing  every  specimen  of  ergot  wliich 
he  uses  for  the  manufacture  of  the  preparations  sold  to 
the  public;  and  that  means  that  no  woman  can  take 
ergot  for  the  control  of  hemorrhage  without  being  the 
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recipient  of  at  least  one  of  the  advantages  which  has 
been  gained  from  animal  experimentation. 

5.    THE  DEMONSTRATION  OF  THE  INTERNAL   SECRE- 
TION OF  THE   OVARIES 

.  Although  the  atrophic  changes  occurring  in  the  inter- 
nal genitalia  following  the  menopause,  or  the  operative 
removal  of  the  ovaries,  were  long  ago  recognized,  the 
possibility  that  they  were  a  manifestation  of  the  dis- 
appearance of  an  internal  secretion,  formerly  elaborated 
in  those  organs,  was  not  suspected  until  after  the 
appearance  of  Brown-Sequard^s  suggestive  article  oil  the 
subject. 

As  long  as  such  a  supposition  was  not  supported  by 
facts  capable  of  demonstration,  it  was  not  possible  to  be 
sure  of  its  correctness,  or  to  deny  that  the  changes  in 
question  were  neurotic  in  origin.  The  experimental 
work  of  Knauer,  Gregoriif,  Mandl  and  Biirger,  Mar- 
shall and  others,  however,  conclusively  demonstrated 
that  the  ovaries  elaborate  a  definite  secretion,  which 
serves  to  regulate  the  nutrition  of  the  internal  genitalia, 
as  well  as  to  exert  a  definite  eflfect  on  the  entire  organ- 
ism. Moreover,  it  was  clearly  shown  that  the  organs 
could  be  removed  from  their  usual  site  and  transplanted 
to  other  distant  portions  of  the  body,  and  still  prevent 
the  degenerative  changes  which  usually  follow  their 
removal.  As  all  nervous  connections  had  been  severed 
at  the  time  of  operation,  it  was  evident  that  the  only 
manner  in  which  such  an  influence  could  be  exerted  was 
by  means  of  an  internal  secretion,  which  gained  access 
to  the  blood-current. 

Other  experiments  showed  that  the  transplanted 
ovaries  functioned  perfectly,  and  if  implanted  in  a  suit- 
able location,  produced  ova  which  could  be  fertilized. 
Such  findings  were  not  merely  of  scientific  interest,  but 
possessed  a  distinctly  practical  bearing  in  that  they  sug- 
gested the  possibility  of  transplanting  the  ovaries  in 
human  beings,  as  well  as  the  employment  of  ovarian 
tissue  extract  in  the  treatment  of  various  conditions 
resulting  from  imperfect  ovarian  secretion,  more  partic- 
ularly the  distressing  symptoms  which  frequently  accom- 
pany the  menopause  or  follow  the  removal  of  the  ova- 
ries. Not  a  few  operators,  when  obliged  to  remove  both 
tubes  and  ovaries  on  account  of  disease,  have  implanted 
healthy  portions  of  the  latter  on  the  uterus  or  broad 
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ligaments,  in  order  to  prevent  the  occurrence  of  an 
artificial  menopause  in  young  women.  Less  frequently, 
the  ovaries  of  one  woman  have  been  implanted  into 
another,  in  the  hope  of  reestablishing  the  menstrual 
function,  or  even  making  possible  the  occurrence  of 
pregnancy.  The  former  result  has  been  attained  in 
numerous  instances,  while  the  latter  has  resulted  suc- 
cessfully in  at  least  two  cases.  Those  who  are  interested 
in  the  subject  are  referred  for  details  to  Martin's  article 
which  contains  full  references  to  the  literature  up  to 
1908. 

Fraenkel,  in  1903  and  1910,  published  two  impoi-tant 
contributions  on  the  function  of  the  ovaries,  which  were 
based  entirely  on  animal  experimentation.  He  appa- 
rently showed  that  the  corpus  luteum  should  be  regarded 
as  a  temporary  gland  which  produces  an  internal  secre- 
tion, whose  function,  at  least  in  part;  is  to  bring  about 
the  changes  in  the  internal  genitalia  necessary  to  permit 
the  implantation  of  the  fertilized  ovum.  Furthermore, 
his  experiments  rendered  it  probable  that  the  continu- 
ance of  the  secretion  was  essential  for  the  preservation 
of  pregnancy  during  its  early  periods,  but  was  not 
necessary  later;  and  thus  afforded  an  explanation  for 
the  clinical  observation  that  removal  of  the  ovaries  early 
in  pregnancy  is  usually  followed  by  abortion,  whereas 
their  removal  later  has  no  effect. 

His  work  also  suggested  a  possible  explanation  for  the 
not  infrequent  lack  of  success  in  the  therapeutic  applica- 
tion of  ovarian  extract,  since,  if  its  action  were  solelv 
due  to  the  presence  of  corpus  luteum  tissue,  efficiency 
could  not  be  expected  if  the  preparation  consisted  only 
of  ordinary  ovarian  stroma.  For  this  reason,  he  recom- 
mended that  in  future  the  so-called  ovarian  tissue  tab- 
lets be  made  exclusively  from  corpora  lutea,  and  not,  as 
formerly,  from  the  entire  substance  of  the  ovary;  and 
clinical  reports  seem  to  indicate  that  his  premises  were 
correct, 

6.     EXPERIMEtHTAL    STUDIES    CONCERNING    THE    NA- 
TURE OF  THE  TOXEMIAS  OF  PREGNANCY 

Up  to  twenty  years  ago  our  ideas  concerning  the 
nature  and  etiology  of  eclampsia  were  but  little  clearer 
than  in  1843,  when  Lever  first  described  the  presence  of 
albumin  in  the  urine  of  eclamptic  women,  and  held  on 
that  account  that  it  was  merely  a  variety  of  nephritis. 
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Following  the  experiments  of  Riviere  in  1888,  and 
those  of  Tarnier  and  Chamberlent  a  few  years  later, 
in  which  it  was  apparently  shown  that  the  toxicity  of 
the  urine  of  eclaniptic  women  was  greatly  decreased  for 
experimental  animals,  while  that  of  the  blood-serum  was 
markedly  augmented,  the  belief  gained  ground  that  the 
condition  was  toxemic  in  character,  and  was  due  to  the 
retention  within  the  organism  of  certain  substances 
which  were  ordinarily  excreted  through  the  kidneys. 
Following  these  observations,  the  experimental  study  of 
eclampsia  has  occupied  the  attention  of  large  numbers 
of  investigators,  and  although  the  subject  has  not  yet 
been  thoroughly  elucidated,  the  conviction  is  growing 
stronger  and  stronger  each  year  that  the  disease  is  a 
toxemia,  which  is  in  some  way  dependent  on  the  preg- 
nancy, and  in  all  probability  connected  with  abnormal 
processes  either  within  the  body  of  the  fetus  or  placenta. 

It  would  carry  us  too  far  afield  to  attempt  even  to 
enumerate  those  who  have  taken  part  in  such  investiga-* 
tiotis,  but  the  contributions  of  Volhard,  Veit,  Hofbauer, 
Lichtenstein,  Freund,  and  Thies  deserve  especial  men- 
tion. Moreover,  we  might  refer,  in  this  connection,  to 
the  fact  that  it  is  only  by  means  of  animal  experimenta- 
tion that  we  have  learned  the  part  which  the  secretion 
of  the  thyroid  gland  plays  in  regulating  the  metabolism 
of  pregnancy. 

Although  none  of  these  experimental  investigations 
have  entirely  cleared  up  the  etiology  of  the  affection, 
they  have  nevertheless  served  to  impress  on  us  its  tox- 
emic nature,  and  have  taught  us  that  the  treatment  par 
excellence  consists  in  the  prompt  evacuation  of  the 
uterus.  Moreover,  I  consider  that  if  the  matter  is  ever 
to  be  settled,  it  can  only  be  accomplished  by  the  aid  of 
animal  and  biochemical  experimentation. 

7.     THE  EXPERIMENTAL  PRODUCTION  OF  FETAL  DE- 
FORMITIES 

If  it  is  permissible  to  designate  as  animal  experimen- 
tation the  various  procedures  to  which  the  fertilized  eggs 
and  the  developing  embryos  of  various  animals  are  sub- 
jected for  the  purpose  of  producing  anomalies  of  devel- 
opment, we  can  point  to  a  field  which  has  not  only 
markedly  advanced  our  knowledge  concerning  the 
normal  mechanism  of  growth  and  the  mode  of  produc- 
tion of  monstrosities,  but  one  which  is  destined  to  add 
(jreatJy  to  the  comfort  of  the  human  race. 
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In  times  past,  the  birth  of  monsters  or  of  children 
afflicted  with  congenital  deformities  was  attributed  to 
the  anger  of  the  gods,  to  witchcraft  or  to  some  malign 
influence  to  which  the  pregnant  woman  had  been  sub- 
jected. With  the  advance  of  knowledge  and  the  passing 
of  superstition,  such  views  gradually  disappeared;  but, 
on  the  other  hand  there  is  scarcely  a  woman  in  x\merica 
at  the  present  time,  who  does  not  firmly  believe  in  the 
doctrine  ol  maternal  impressions,  and  who,  in  case  of 
the  birth  of  a  monstrous  or  deformed  child,  will  not 
attempt  to  trace  its  origin  to  some  unpleasant  sight  or 
experience  to  which  she  had  been  exposed  during  preg- 
nancy. 

Such  a  belief  is  not  limited  to  women,  but  is  likewise 
shared  by  most  medical  men  in  this  country,  as  is  shown 
by  the  fact  that  as  late  as  1889  Keating's  ^^Encyclopedia 
of  Diseases  of  Children''  contained  a  long  article  in  its 
favor.  Moreover,  not  a  few  works  on  obstetrics  direct 
that  the  pregnant  woman  should  be  guarded  from 
unpleasant  sights  of  all  kinds. 

Persistence  in  the  belief  in  maternal  impressions  is 
each  year  a  source  of  great  unhappiness  to  thousands  of 
women,  who,  after  some  trivial  occurrence,  such  as  see- 
ing a  mouse  or  a  rabbit,  are  convinced  that  their  child 
will  be  ^^mouse-marked"  or  hare-lipped  in  consequence, 
and  who  do  not  dismiss  their  fears  until  a  perfectly 
normal  and  well-formed  child  has  been  born.  Indeed, 
I  feel  that  I  am  safe  in  stating  that  no  one  who  has  not 
considerable  experience  with  pregnant  women  can  appre- 
ciate the  extent  of  the  suffering  and  dread  resulting 
from  this  superstitition. 

The  new  science  of  experimental  embryology  and  tera- . 
tology  has  shown  clearly  that  such  an  occurrence  is 
impossible,  ias  in  the  vast  majority  of  cases,  the  changes 
which  were  attributed  to  it  developed  in  the  earliest 
periods  of  pregnancy,  whereas  the  "maternal  impres- 
sion" to  which  a  given  deformity  was  attributed  did  not 
occur  until  a  much  later  date. 

Geoffrov  Saint-Hilaire,  Allen  Thompson  and  Fere 
were  the  first  investigators  to  attempt  the  production  of 
deformities  by  subjecting  the  developing  egg  to  various 
conditions,  but  it  is  only  within  the  last  twenty-five 
years  that  the  matter  has  seriously  engaged  the  attention 
of  scientific  men.  During  this  period,  however,  tlie  work 
of  Pfluger,  Dareste,  Eoux  and  Born  has  put  the  subject 
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on  a  scientific  basis,  as  they  have  shown  beyond  question 
that  pricking  certain  portions  of  the  segmenting  ovum 
with  a  needle,  encircling  it  with  a  ligature,  or  subjecting 
it  to  certaili  chemical  influences,  will  inevitably  be  fol- 
lowed by  definite  deformities,  and  they  were  enabled  in 
this  way  to  produce  at  will,  not  only  single,  but  double 
monsters  of  the  most  varied  type. 

Further  research  along  these  lines  has  been  particu- 
larly prolific  in  tliis  country,  and  the  investigations  of 
Loeb,  Morgan,  Wilson,  Bardeen,  Harrison,  Stockard  and 
many  other,  has  led  to  most  astounding  results,  which 
have  revolutionized  our  ideas  of  teratology.  These 
investigators  have  shown  beyond  perad venture  that  prac- 
ticallv  all  of  the  deformities  with  which  we  meet  at  the 
time  of  labor  can  be  produced  at  will  by  subjecting  the 
early  ovum  or  embryo  to  various  procedures.  Thus,  it 
is  possible  to  produce  spina  bifida,  cyclops,  headless  or 
double  monsters,  as  well  as  those  lacking  extremities 
or  having  accessory  ones,  merely  by  changing  the  experi- 
mental conditions. 

As  the  result  of  these  investigations,  it  has  been  defi- 
nitely proved  that,  with  the  exception  of  certain  well- 
marked  hereditary  deformities,  the  great  majority  of 
monsters  are  the  result  of  some  interference  with  the 
normal  growth  of  the  ovum  in  the  days  immediately 
following  conception,  and  not  to  later  influences.  More- 
over, Mall  in  a  study  of  four  hundred  early  human  abor- 
tions found  that  38  per  cent  of  them  were  pathologic, 
and  that  many  presented  deformities  which  were  incon- 
sistent with  further  life.  He  estimates  that  in  about  7 
per  cent,  of  all  pregnancies  the  ovum  is  abnormal,  arid 
as  the  changes  began  in  the  early  weeks  it  is  manifest 
that  "impressions"  occurring  at  a  later  period  of  preg- 
nancy could  have  no  part  in  their  production. 

Indeed,  at  the  present  time  the  evidence  available 
seems  to  indicate  that  the  entire  doctrine  of  maternal 
impressions  is  a  superstition  which  will  sooner  or  later 
entirely  disappear,  and  this  result  will  be  hastened  as 
the  work  of  the  experimental  teratologist  becomes  gen- 
erally known. 

CONCLUSION 

In  conclusion,  it  may  be  said  that  while  the  benefits 
which  obstetrics  have  derived  from  animal  experimenta- 
tion are  not  immediately  apparent,  they  are  neverthe- 
less very  real,  and  have  led  to  revolutions  in  obstetric 
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practice  and  to  results  which  are  but  little  realized  by 
the  general  public.  J  think  that  I  am  safe  in  asserting 
that  had  animal  experimentation  led  to  nothing  more 
than  the  discovery  of  the  bacterial  nature  of  puerperal 
fever,  whereby  a  means  was  provided  for  doing  away 
with  its  former  hideous  mortality,  it  would  abundantly 
justify  the  sacrifice  of  all  the  animals  which  have  thus 
far  been  used  for  experimental  purposes.  Think  of  the 
millions  of  lives  which  have  been  saved,  if  we  accept. 
Boehr's  calculation,  that  formerly  every  thirtieth  mar- 
ried woman  has  inevitably  doomed  to  perish  from  puer- 
peral infection.  Fortunately,  this  is  not  the  only  benefit 
even  in  obstetrics,  which  can  be  ascribed  to  animal 
experimentation,  as  the  increased  security  following 
operations  and  the  marked  decrease  in  the  mortality  of 
new-born  children  are  equally  attributable  to  it.  Indeed, 
it  may  be  truthfully  said  that  every  time  a  physician 
cleanses  his  hands  preparatory  to  attending  a  woman  in 
labor,  he  is  rendering  a  tribute  to  animal  experimenta- 
tion; although  unfortunately,  the  world  at  large,  which 
benefits  from  it,  does  not  recognize  its  significance.  I 
feel  that  there  is  every  reason  to  expect  that  animal 
experimentation  will  play  as  large  a  part  in  developing 
our  ideas  in  the  future  as  in  the  past,  and  I  confidently 
believe  that  the  problem  of  eclampsia  and  the  other 
toxemias  of  pregnancy,  as  well  as  the  cause  of  labor  and 
all  that  that  implies,  will  eventually  be  solved  by  its 
means. 

1128  Cathedral  Street, 
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Last  year  I  obtained  from  the  four  prominent  anti- 
vivisection  societies  of  the  country^  copies  of  the  pamph- 
lets and  leaflets  which  they  distribute  widely  to  school 
teachers  and  clergymen  and  other  influential  but  med- 
ically uninstructed  persons.  For  about  two  years  I  have 
also  collected  letters  and  articles  which  have  been  pub- 
lished on  the  subject  in  the  daily  press  and  in  magazines. 
This  literature  can  be  considered  with  reference  either 
to  the  justice  of  its  claims,  or  to  the  fairness  of  its 
methods.  For  the  present  I  wish  to  hold  a  consideration 
of  the  merits  of  the  controversy  in  a  secondary  position 
and  to  examine  these  accumulated  writings  as  to  some 
of  the  tactics  which  they  display. 

To  go  through  this  matter  with  patience  is  a  difficult 
task.  Dreary  iteration  of  the  same  opinions,  the  same 
"eminent  authorities/'  the  same  tales,  characterizes  the 
society  publications;  and  these  publications,  sent  broad- 
cast, are  used  again  and  again  for  texts,  examples  and 
references  by  contributors  to  newspapers  and  journals. 
Surely  this  is  vain  repetition,  for  any  one  whose  intel- 
ligence is  not  stupefied  with  weariness  can  perceive  that 
if  the  identical  names  and  phrases,  and  the  identical 
instances  have  to  be  continuouslv  cited  the  cause  must 
be  short  of  both  men  and  ammunition. 

One  of  the  most  impressive  exhibits  which  the  anti- 
vivisectionists  make  is  the  list  of  physicians  whose  opin- 
ions they  quote.  This  list  is  worth  examining  with 
some  care.  In  doing  so  we  should  keep  in  mind  that 
the  great  victories  of  experimental  medicine  have  come 

1.  The  New  England  (Boston),  the  New  York  (New  York  City), 
the  American  (Philadelphia),  and  the  Vivisection  Reform  Society 
(Chicago). 


since  1850,  and  in  largest  number  since  1880;  and 
furthermore,  that  this  illustrious  period  of  medical 
history  is  practically  coincident  with  the  use  of  anes- 
thesia, not  only  in  surgery,  but  in  experimentation  as 
well. 

Many  of  the  physicians  whose  opinions  are  quoted  are 
dead.  Some  died  long  ago,  others  who  have  passed 
away  more  recently  received  their  formal  education  in 
medicine  before  the  period  I  have  just  mentioned.  Of 
all  the  names  cited  the  most  renowned  is  that  of  Sir 
Charles  Bell,  born  in  1774  and  dead  nearly  70  years, 
known  for  his  discovery  of  the  distinct  functions  of  the 
dorsal  and  ventral  roots  of  spinal  nerves,  and  for .  his 
study  of  the  functions  of  the  fifth  and  seventh  cranial 
nerves.  In  each  of  these  important  investigations  his 
final  proof  was  secured  through  experiments  on  animals. 
His  own  description  of  his  greatest  discovery  is  as 
follows:  "On  laying  bare  the  roots  of  spinal  nerves  I 
found  that  I  could  cut  across  the  posterior  fasciculus  of 
a  nerve  which  took  its  origin  from  the  posterior  portion 
of  the  spinal  marrow  without  convulsing  the  muscles  of 
the  back,  but  that,  on  touching  the  anterior  fasciculus 
with  the  point  of  a  knife,  the  muscles  of  the  back  were 
immediately  convulsed/^^  On  this  experiment,  done  a 
hundred  years  ago,  nearly  forty  years  before  the  use  of 
general  anesthesia,  his  fame  rests.  To  quote  him  to-day 
as  opposed  to  the  use  of  the  experimental  method  is, 
under  the  circumstances,  not  only  a  contradiction  of  his 
own  practice,  but  a  gross  anachronism. 

Another  name  which,  like  the  words  of  Humpty 
Dumpty,  ought  to  be  paid  extra  because  so  much  over- 
worked, is  that  of  Henry  J.  Bigelow.  He  was  born  92 
years  ago  and  has  been  dead  for  20  years.  The  address 
so  often  quoted  was  delivered  in  1871 — back  four 
decades.  According  to  the  testimony  of  his  colleagues 
in  the  Harvard  Medical  School,  his  views  on  vivisection 
were  apparently  based  on  what  he  had  seen  at  the 
veterinary  school  at  Alfort,  France,  in  the  pre-anesthe- 
sia  days,  and  he  had  not  controlled  these  early  impres: 
sions  by  any  experience  in  a  modern  laboratory.  A  close 
associate  has  testified  that  during  the  last  years  of  Dr. 
Bigelow's  life  he  never  heard  him  say  a  word  against 
animal  experimentation.^  Furthermore,  in  a  letter  which 

2.  A  New  Idea  of  the  Anatomy  of  the  Brain,  London,  1811. 
a.  Animal  Experimentation,  Boston,  3902,  pp.  48,  74. 


has  been  little  noticed  Dr.  Bigelow  objected  sharply  to 
the  lack  of  discrimination  among  antivivisectionists. 
^^The  confounding  of  a  painful  vivisection/'  he  wrote^ 
"and  an  experiment  which  does  not  cause  pain — either 
because  the  animal  is  under  ether,  or  because  the  experi- 
ment itself  is  painless,  like  those  pertaining  to  the  action 
of  most  drugs,  or  because  it  is  a  trivial  one  and  gives 
little  suffering — has  done  great  damage  to  the  cause  of 
humanity/^*  And  yet  Dr.  Bigelow. is  continually  cited 
as  a  famous  surgeon  who  was  opposed  to  experiments 
on  animals. 

One  other  medical  name  appearing  again  and  again 
in  anti vivisection  writings  is  Lawson  Tait  (born  1845. 
died  1899).  He  has  been  described  by  a  competent  and 
trustworthy  surgeon  as  a  "man  of  wild  statements."^ 
Certainly  that  characterization  is  justified  by  Tait^s 
promise  that  if  he  could  get  enough  disease  germs  he 
would  gladly  use  them  as  dressings  for  surgical  wounds, 
and  also  by  his  absurd  denunciation  of  Koch,  Pasteur 
and  Lister — the  leaders  of  modern  medicine — as  men 
who  had  "not  only  hindered  true  progress,  but  covered 
the  profession  with  ridicule."  This  extraordinary  atti- 
tude, together  with  his  opposition  to  the  use  of  animals 
for  medical  research,  is  perhaps  explained  by  a  line  in 
the  sketch  of  his  life — "He  enjoyed  being  in  a  minority, 
and  this  led  him  to  champion  many  lost  causes."^ 

Other  physicians  whose  opinions  are  quoted  are  of  less 
note.  There  is  Dr.  Charles  Clay,  born  in  1801,  "inter- 
ested in  geology  and  archeology  and  collector  of  fossils." 
There  is  Dr.  Charles  Spooner,  born  in  1806,  veterinary 
surgeon.  There  is  Dr.  John  Elliotson,  born  in  1791, 
who  alarmed  his  colleagues  by  administering  extrav- 
agantly large  doses  of  supposedly  poisonous  medicines; 
also  mesmerist,  and  founder  of  a  mesmeric  hospital. 
There  is  Dr.  J.  E.  Garretson,  born  82  years  ago,  and 
Dr.  Elizabeth  Blackwell,  born  89  years  ago.  There  is 
Sir  William  Fergusson,  M.D.,  born  more  than  a  century 
since,  said  to  be  ill-advised  in  some  expressions  of  opin- 
ion, "especially  in  matters  requiring  more  knowledge  of 
physiology  and  hygiene  than  he  possessed."  There  is 
Charles  Bell-Taylor  (dead  in  1909,  aged  80),  who 
originated  the  widely  quoted  sentence,  "Pasteur  does  not 

4.  Anesthesia  :  Addresses  and  Other  Papers,  Boston,  1900,  p.  371. 

5.  Animal  Experimentation,  Boston.  1900,  p.  47. 

6.  Dictionary  of  National  Biography. 


cure  hydrophobia,  he  gives  it;''  and  who,  ignoring  our 
great  debt  to  animals  for  the  medicines  that  induce 
sleep,  for  all  those  that  give  us  local  freedom  from  pain, 
for  physostigmin,  amyl  nitrite,  epinephrin,  and  many 
others,  told  his  antivivisection  admirers  that  experiment 
on  animals  have  yielded  us  no  knowledge  of  drugs.  There 
is  Sir  Eichard  Owen,  M.D.,  comparative  anatomist  and 
zoologist,  born  in  1804.  There  is  Dr.  John  Abernethy, 
who  died  in  1831 !  There  is  J.  J.  Garth  Wilkinson,  born 
98  years  past,  holder  of  an  honorary  M.D.  degree,  poet, 
mystic,  expositor  and  editor  of  Swedenborg,  author  of 
"Improvisations  of  the  Spirit,"  "Isis  and  Osiris  in  the 
Book  of  Respiration."^ 

In  antivivisection  literature  the  opinions  of  these 
persons  are  presented  with  no  reference  to  the  time 
when  they  were  living  and  with  no  indication  of  the 
interests  other  than  medical  which  filled  their  lives.  The 
ingenuous  reader  takes  his  cue  from  the  words  of  the 
pamphlet  that  they  are  "men  of  the  greatest  eminence 
among  the  vast  number  of  physicians  and  surgeons  who 
have  opposed  vivisection,"  and  wonders. how  doctors  can 
so  profoundly  disagree. 

Among  the  living  medical  men  quoted  by  the  anti- 
vivisectionists.  Sir  Frederick  Treves  is  most  prominent. 
In  1898,  he  stated  incidentally  that  some  experiments 
which  he  had  performed  on  the  intestine  of  the  dog  had 
done  little  but  unfit  him  to  deal  with  the  human  intes- 
tine. This  was  of  course  merely  his  personal  experience, 
and  can  readily  be  offset  by  that  of  other  experienced 
surgeons  who  testify  to  the  exact  opposite.  Indeed  there 
is  probably  no  field  of  surgical  manipulation  that  has 
benefited  more  by  animal  experiments  than  that  of  the 
gastro-intestinal  tract.  Sir  Frederick  was  quick  to  point 
out  the  false  implication  placed  on  his  remarks. 

"Those  who  are  familiar  with  the  controversial 
methods  of  the  antivivisection  party,"  he  wrote,  "will 
not  be  surprised  that  certain  of  my  remarks  have  been 
cunningly  isolated  from  the  context,  and  have  been  used 
in  advertisements,  pamphlets  and  speeches,  to  condemn 
all  vivisection  experiments  as  useless.  The  fallacy  of 
vivisection  can  hardly  be  said  to  be  established  by  the 
failure  of  a  solitary  series  of  operations  dealing  with  one 
small   branch  of  practical   surgery.     No   one   is   more 

7.  The  data  given  al)ove  were  found  in  the  Dictionary  of  National 
Biography. 


keenly  aware  than  I  am  of  the  great  benefits  conferred 
on  suffering  humanity  by  certain  researches  carried  out 
bv  means  of  vivisection/'® 

That  was  written  more  than  eight  years  ago,  yet 
Treves  still  continues  to  be  quoted  as  another  of  the 
eminent  surgeons  who  have  opposed  vivisection. 

What  I  have  been  able  to  learn  about  the  other  living 
"physicians  and  surgeons  of  greatest  eminence/'  quoted 
as  hostile  to  experiments  on  animals,  has  come  mainly 
from  the  publication,  ^Who's  Who."  Since  the  notices 
in  this  volume  are  little  autobiographies,  I  should  not 
be  accused  of  employing  the  last  resort  of  a  losing 
advocate — the  abuse  of  the  opposing  counsel — if  I  quote 
what  these  persons  say  about  themselves.  Dr.  Arabella 
Tveneallv  sets  herself  down  as  novelist  and  contributor 
to  magazines,  author  of  "Molly  and  Her  Man  of  War/' 
"Some  Men  are  Such  Gentlemen/'  and  other  volumes. 
Dr.  W.  Gordon-Stables  describes  himself  as  novelist, 
journalist,  professional  writer  for  24  years,  author  of 
136  books  with  serial  novels;  "In  the  Dashing  Days  of 
Old"  and  "The  Pirates'  Gold"  are  cited  as  examples. 
Dr.  W.  K.  Hadwen  is  secretary  of  the  British  Union  for 
the  Abolition  of  Vivisection,  public  advocate  of  the 
repeal  of  the  Vaccination  Acts  and  the  prohibition  of 
experiments  on  animals;  is  engaged  in  reform  move- 
ments relating  to  temperance,  food,  hygiene,  sanitation, 
education,  and  burial  laws;  he  finds  his  recreation  in 
changing  his  occupation.  Dr.  Edward  Berdoe,  born  74 
years  ago,  reports  himself  as  a  writer ;  author  of  Brown- 
ing studies,  "Browning  and  the  Christian  Faith/'  "A 
Browning  Primer,"  "The  Browning  Encvclopedia," 
"The  Biographical  and  Historical  !N"otes  to  Browning's 
Complete  Works,"  and  several  other  books;  also  editor 
of  the  "Zoophilist."  Dr.  Josiah  Oldfield,  a  lawyer,  and 
senior  physician  to  the  Lady  Margaret  Fruitarian  Hos- 
pital, strons:  advocate  of  the  fruitarian  diet;  author  of 
"Flesh  Eating  as  a  Cause  of  Consumption,"  "Butchery 
and  Its  Horrors,"  and  other  volumes.  Dr.  J.  D.  Buck. 
72  years  old,  president  of  the  Theosophical  Societv  of 
Dhio,  author  of  "Nature  and  Aims  of  Theosophy," 
"Mystic  Masonry,"  "Why  I  am  a  Theosophist."  Dr. 
Stephen  Townsend,  novelist,  surgeon,  and  actor,  on  the 
stage  for  vears,  plaving  prominent  roles  in  "Sowing  the 
Wind,"  "Slaves  of  the  Eing,"  Black  Tulip,"  and  others. 

8.  The  Times,  London,  April  18,  1902. 
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This  completes  the  list  of  ^^eminent'^  physicians  and 
surgeons  who  have  opposed  vivisection,  concerning  whom 
I  have  been  able  to  find  any  characterization  whatever-— 
the. rest  are  not  of  suflBcient  importance  to  be  mentioned 
in  any  of  the  dictionaries  or  cyclopedias  of  biography 
that  I  have  searched  through  for  information.  And  this 
is  the  array  of  medical  experts  who  have  denounced  the 
method  of  investigation  which,  according  to  Osier,  ^^did 
more  in  the  half -century  between  1850  and  1900,  to 
emancipate  medicine  from  the  routine  and  thraldom  of 
authority  than  all -the  work  of  all  the  physicians  from 
the  days  of  Hippocrates  to  Jenner/' 

I  do  not  wish  to  imply  that  unless  a  physician  does 
nothing  but  practice  medicine  his  opinions  on  medical 
matters  are  of  little  value.  But  when  a  person  with  a 
medical  degree  denounces  the  antitoxin  treatment  of 
diphtheria,  I  am  interested  to  learn  that  the  time  of 
that  person  is  spent  in  composing  romances.  When 
another  declares  that  the  cruelty  of  experimentalism  is 
^Tiorrible  to  contemplate,''  I  am  better  able  to  value  his 
words  when  I  know  that  instead  of  "contemplating,''  he 
has  for  24  years  been  industriously  writing  and  has  now 
to  his  credit  nearlv  seven-score  Volumes.  A  third 
expert  who  declares  experiments  on  animals  useless  and 
unscientific,  I  understand  better  when  I  find  that  he  is 
a  professional  agitator,  working  for  the  abolition  of 
vivisection  and  for  the  destruction  of  communitv  bar- 
riers  against  small-pox.  The  sounding  phrases,  "Pas- 
teurian  quackery,"  "antitoxin  nostrum,"  "vivisection 
founded  on  cruelty,  supported  by  falsehood,  and  prac- 
ticed for  selfish  ends,"  have  less  significance  when  I 
realize  that  they  are  the  expression  of  an  aged  man 
who  has  devoted  his  life  to  studying,  annotating,  and 
editing  Browning's  poetry.  Again,  in  reading  the  gro- 
tesque exuberance  of  the  fruitarian  lawyer — that  "vivi- 
section takes  no  note  of  pain;  its  spirit  is  not  healing, 
but  killing;  its  object  is  not  to  relieve  pain  in  the 
victim,  but  to  cause  it" — I  wonder  in  precisely  what 
way  fruitarianism  and  the  law  have  given  him  intimate 
acquaintance  with  the  subject  he  so  roundly  denounces. 
And  finally,  when  the  theosophic  propagandist,  past  his 
three  score  years  and  ten,  unites  with  the  actor-novelist- 
playwright  in  declaring  that  "scientifically"  experiments 
on  animals  are  useless,  I  have  a  basis  for  seriouslv  sus- 


pecting  that  they  are  not  trained  to  judge  these  matters 
scientifically. 

If  now  we  examine  this  list,  we  find  that  it  is  made 
up  of  persons  long-since  quick,  or  long-since  d^ad, 
persons  who  have  not  been  opposed  to  vivisection  in 
any  unqualified  sense,  persons  whose  eminence  in  litera- 
ture and  art  wa^  the  only  eminence  they  possessed,  and 
persons  so  obscure  as  not  to  be  noticed  in  any  manner 
whatever,  except  in  the  pages  of  an  antivivisection 
leaflet.  When  we  consider  that  every  advance  in  med- 
icine, like  every  advance  in  other  realms,  has  suddenly 
revealed  the  reactionaries,  the  great  marvel  is  that 
there  are  not  medical  men  of  real  prominence  *  who  will 
support  the  antivivisection  cause.  But  if  "among  the 
vast  number  of  physicians  and  surgeons  who  have 
opposed  vivisection,^'  those  we  have  just  investigated 
are  "of  greatest  eminence,"  surely  the  professional 
endorsement  is  insignificant. 

Demonstration  that  many  of  their  experts  have  no 
respectable  qualifications  for  testifying  will  not,  I 
believe,  cause  the  antivivisectionists  to  withdraw  either 
the  names  or  the  opinions  of  these  men  from  circulation. 
Sir  Frederick  Treves  called  attention  to  their  adroit 
misuse  of  his  remarks  more  than  eight  years  ago. 
Instead  of  respecting  his  expression  of  direct  disapproval 
of  their  cause  they  have  continued  classifying  him  as  an 
opponent  of  vivisection.  The  ignoring  of  Treves'  cor- 
rection is  a  thoroughly  characteristic  maneuver  on  the 
part  of  the  agitators.  Other  examples  are  numerous. 
Commenting  on  an  experiment  by  Dr.  H.  P.  Bowditch, 
in  which  the  peripheral  end  of  a  nerve,  which  had  been 
severed  under  ether,  was  stimulated,  Mr.  P.  C.  Peabody 
stated,  ^^It  will  be  readily  seen,  even  by  the  casual  reader, 
that  it  involves  an  amount  of  agony  beyond  which  science 
is  unable  to  go  and  to  approximate  to  which  is  impossible 
except  by  a  person  who  has  devoted  long  years  to  the 
study  of  nerves."  Fifteen  years  have  passed  pince  Dr. 
Bowditch  plainly  pointed  out  the  utter  absurdity  of  the 
assumption  that  even  the  slightest  pain  could  have  been 
inflicted  by  stimulating  a  piece  of  nerve  separated  from 
the  central  nervous  system,^  and  yet  the  New  England 
Antivivisection  Soeietv  was  last  vear  still  distributing 
this  ancient  slander. 

9,  Communications  of  the  Massachusetts  Medical  Society,  1896. 
p.  43. 
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Ten  years  ago  Dr.  W.  W.  Keen/^  in  a  paper  of 
admirable  simplicity  and  directness,  laid  bare  instances 
of  repeated  interpolations,  mistranslations,  and  garbled, 
inaccurate  accounts  of  experiments  in  a  single  anti- 
vivisection  publication.  What  was  the  effect?  To  what 
degree  have  ten  years  been  sufficient  for  the  development, 
in  antivivisectionists,  of  respect  for  the  facts? 

In  a  pamphlet  now  being  circulated  I  find  mentioned 
Dr.  Berkley's  observations  on  the  effects  of  administer- 
ing thyroid  extract  to  insane  patients.  Although  Dr. 
Keen  showed  that  the  therapeutic  use  of  thyroid  extract 
varies  between  15  and  60  grains  per  diem,  and  that  Dr. 
Berkley's  maximum  dose  was  only  15  grains  per  diem, 
the  pamphlet  does  not  distinguish  between  the  toxic 
effects  of  these  small  doses  in  some  cases  and  the  bene- 
ficial effect  in  others,  but  declares  that  Dr.  Berkley  was 
"poisoning"  his  patients.  It  goes  on  to  state,  "Two 
patients  became  frenzied,  and  of  these  one  died  before 
the  excitement  had  subsided."  In  the  original  the  sen- 
tence is  completed  by  the  words,  "the  immediate  cause 
of  the  exitus  being  an  acute  disseminated  tuberculosis." 
The  absurdity  of  attributing  death  by  galloping  con- 
sumption to  thyroid  tablets,  which  had  not  been  given 
anyhow  for  seven  weeks,  was  clearly  explained  by  Dr. 
Keen  in  his  paper  a  decade  ago.*  He  did  not  emphasize 
the  wrong  done  to  Dr.  Berkley  by  the  craftv  mutilation 
of  a  sentence.  Of  course,  a  decent  sense  of  honor  would 
have  impelled  an  instant  correction  of  this  wrong,  yet 
the  antivivisectionists  have  continued  these  ten  years  to 
deceive  the  credulous  public  without  any  moving  con- 
sideration that  their  imposture  involved  a  man^s  good 
name. 

Another  statement  in  the  pamphlet  is  as  follows: — 
"Dr.  A.  H.  Wentworth,  senior  assistant  physician  to 
^The  Infants'  Hospital,'  Boston,  made  forty-five  vivi- 
sections, tapping  the  spinal  canals  of  children,  many  of 
whom  died."  Unless  the  writer  of  this  statement 
intended  to  intimate  that  there  was  a  connection  between 
the  death  of  the  children  and  the  tapping  of  the  ^inal 
canal,  the  statement  is  without  significance  in  an  anti- 
vivisection  publication.  A  careful  reading  of  Dr.  Went- 
worth's  paper  shows  that  the  tapping  of  the  canal,  which 
is  now  (though  it  was  not  then)  a  common  routine 
procedure,   had   no  harmful   effects   whatever.     To   be 

"'■  "'■  —    ..-!-■—  ■  ■..-.  ■■  ■■  ■!■■■. ■■UK.. I  BIB    ^^^-^  ,  ^^^^^ 

10.  The  Journal  A.  M.  A.,  Feb.  23,  1901. 
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sure  some  of  the  children  died  later,  but  in  everv  fatal 
instance  the  cause  of  death,  which  had  no  relation  to 
the  operation,  was  definitely  determined  and  stated.  All 
these  facts  Dr.  Keen  pointed  out  ten  years  ago*  What 
was  the  result?  The  story  with  its  evil  insinuation  is 
still  circulated  everywhere  by  the  antivivisectionists, 
again  without  any  observable  respect  for  the  facts,  or 
regard  for  an  honorable  reputation.  Even  this  exhibi- 
tion of  hostility  has  not  proved  a  suflBcient  outlet  for 
antivivisection  feeling,  for  in  the  Journal  of  Zoophily, 
April,  1910,  p.  44,  Dr.  Wentworth  is  referred  to  as 
having  experimented  "on  between  forty  and  fifty  little 
children  in  the  'Children's  Hospital'  of  that  city 
(Boston)  ever]/  one  of  lohom  died  after  the  performance 
of  his  operation." 

Three  years  have  passed  since  the  attention  of  officers 
of  the  New  York  Antivivisection  Societv  was  called  to 
the  fact  that  by  suppressing  mention  of  anesthetics  in 
experiments  they  described,  they  were  giving  a  wholly 
false  impression  of  the  way  in  which  these  experiments 
were  conducted.  Again  two  years  ago  Dr.  F.  S.  Lee 
indicated  in  a  public  letter^^  that  the  society,  in  spite  of 
having  had  a  full  year  in  which  to  correct  these  mis- 
representations, was  intent  on  its  policy  of  deluding  the 
public.  I  have  recently  had  occasion  to  examine  again 
the  pamphlets  which  the  society  is  distributing — the 
misrepresentations  are  still  there,  unchanged.^^  Details 
of  operations  by  Dr.  W.  S.  Halsted  are  quoted,  and 
although  the  original  account  expressly  stated  that  anes- 
thetics were  employed,  the  pamphlet  does  not  even  sug- 
gest them.  Selections  taken  here  and  there  from  Dr-. 
G.  W.  Crile's  report  of  his  experiments  on  surgical  shock 
are  presented,  again  with  no  intimation  of  anesthesia; 
and  this  in  spite  of  Dr.  Crile's  printed  statement  that 
"in  all  cases  the  animals  were  anesthetized,"  and  also  in 
spite  of  the  testimony  of  Dr.  F.  W.  Goodbody^^  and  of 
Sir  Victor  Horsley^*   (in  whose  laboratory,  under  the 

11.  New  York  Evening  Sun.  March  12,  1909. 

12.  These  pubUcations,  which  contain  also  the  statements  about 
Dr.  Wentworth  and  Dr.  Berkley  above  mentioned,  were  sent  to  a 
friend  of  mine  in  November,  1910,  with  a  letter  from  the  president 
of  the  New  York  Antivivisection  Society  proclaiming,  with  reference 
to  the  pamphlets :  "You  may  rely  on  them  as  being  absolutely  accu- 
rate and  authentic." 

13.  London  Times.  March  13,  1902. 

14.  Minutes  of  Evidence,  English  Royal  Commission  on  Vivisec- 
tion. 1906-08,  Questions  15893-7,  16220-2. 
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English  anti vivisection  law,  much  of  the  work  was  done) 
that  the  animals,  though  sometimes  exhibiting  reflexes, 
were  completely  insensible  to  pain. 

The  society  furthermore  continues  to  suggest  that  one 
can  only  imagine  ^^ow  intense  the  suffering"  which 
caused  a  cat  at  the  Hoekefeller  Institute  to  ^^spend  the 
day  jumping  on  and  off  the  fumiture"-^when  in  fact, 
as  Dr.  Carrel  explained^*  two  years  ago,  the  animal  was 
a  young  cat,  in  perfectly  normal  health,  manifesting  its 
natural  playfulness. 

From  these  specimens  of  persistent  disregard  of  fair 
treatment,  when  can  we  expect  that  misstatements  and 
Two  years  are  evidently  not  enough  for  the  antivivifcec- 
evasions,  even  if  publicly  exposed,  will  be  withdrawn? 
tionists  to  manifest  this  sense  of  honor,  nor  are  ten  years, 
nor  fifteen.  T  have  cited  instances  in  their  literature, 
instances  of  grossly  garbled  descriptions  of  the  work  of 
medical  men,  the  inaccuracies  in  which  have  been  clearlv 
demonstrated  for  these  long  intervals,  without,  however, 
any  sign  of  a  tendency  on  the  part  of  the  prevaricators 
to  reconstruct  their  statements  in  conformitv  with  the 
facts.  Experience  has  proved  that  the  false  story  once 
well  told,  need  not  be  withdrawn  or  altered,  even  if  its 
falsity  has  been  exposed,  for  that  part  of  the  public  that 
likes  to  be  humbugged  is  ready  to  read  and  listen  and 
yield  its  humble  credence. 

The  fundamental  wrong  committed  by  the  antivivi- 
sectionists  in  their  agitation  against  medical  research  is 
the  presentation  of  a  misleading  issue.  They  deny  that 
any  utility  has  come  from  animal  experimentation,  they 
describe  the  experiments  as  horrible  torturing  of  dumb 
brutes,  and  then  thev  ask  if  this  futile  crueltv  shall  be 
permitted  to  go  on.  If  this  really  were  the  whole  story, 
few  would  hesitate  on  which  side  to  stand.  Everv  decent 
man  and  woman  is  opposed  to  cruelty:  every  decent 
human  being  winces  at  the  thought  of  inflicted  pain.  It 
is  for  this  reason  that  the  picture  of  the  fastened  dog 
makes  such  a  powerful  appeal.  But  this  is  not  the  whole 
story.  As  I  have  pointed  out  elsewhere,  it  would  be  as 
fair  to  display  a  picture  of  Grenfell  fighting  his  faithful 
dogs  and  stabbing  them  to  death,  labelled  "Is  this  the 
way  to  treat  your  pets?"  as  it  is  to  represent  animal 
experimentation  without  its  motives  and  without  its 
triumphs.      Grenfell,   in   his   struggle  on   the   ice-pan. 
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stabbed  his  dogs^^  to  save  his  own  life,  and  every  man 
with  common  sense  commends  the  bravery,  the  resource- 
fulness and  the  proper  sense  of  values  of  this  missionary 
hero.  That  is  what  any  worthy  man  who  sees  straight 
would  try  to  do  if  he  were  cornered  and  had  to  spend  his 
own  life  or  that  of  lower  animals.  Precisely  that  is  the 
issue  which  the  investigators  see.  And  they  know  also 
that  by  the  sacrifice  of  some  animals  the  chance  of  life 
and  health  for  mankind  and  for  myriads  of  other 
animals  as  well,  has  been  enormously  enlarged.  Eead 
the  articles,  written  recently  by  experts  in  the  several 
fields,  telling  the  relation  of  animal  experimentation  to 
the  treatment  of  diphtheria  and  tetanus,  to  meningitis, 
rabies,  small-pox,  to  dysentery  and  cholera  and  typhoid 
fever,  to  plagues,  tuberculosis,  syphilis,  to  the  disturb- 
ances of  internal  secretions,  to  our  knowledge  of  the 
action  of  drugs,  to  surgical  technic,  to  childbirth,  to 
hygiene  and  preventive  medicine- — read  these  articles^^ 
and  learn  what  the  animals  have  done  for-  their  fellow 
creatures.  Just  because  they  have  rendered  such  immeas- 
urable service  do  we  turn  to  them  for  further  aid.  Of 
the  animal  thus  used  Professor  William  James  has 
written  with  illuminating  insight,  ^^If  his  poor,  benighted 
mind  could  only  be  made  to  catch  a  glimpse  of  the 
human  intentions,  all  that  is  heroic  in  him  would 
religiously  acquiesce."^'^ 

Before  the  antivivisectionists  can  conimand  the 
respectful  attention  of  intelligent  people  they  must 
fundamentally  change  their  tactics.  They  must  clear 
their  literature  of  the  anachronistic  hostility  of  men  long 
since  dead,  men  who  had  no  conception  of  the  merciful 
procedures  of  modern  experimentation,  nor  of  its  life- 
giving  results.  They  must  rid  their  publications  of  the 
testimony  of  spurious  experts  whose  reputations  were 
made  in  literature,  art  or  theology,  and  not  in  the  service 
of  healing.  They  must  purge  their  propaganda  of  the 
fraud  and  trickery  and  evil  insinuation  that  have  for 
years  characterized  it.  And  I  may  perhaps  be  permitted 
to  suggest  that  the  process  of  making  their  methods 


15.  Grenfell,  Wilfred  T. :   A  Voyage  on  a  Pan  of  Ice,  Boston,  1908. 

16.  PubUshed  by  the  American  Medical  Association,  Chicago.  A 
list,  with  prices,  appears  on  the  second  page  of  the  cover  of  this 
pamphlet. 

17.  The  Will  to  Believe  and  Other  Essays,  New  York,  1899,  p.  58. 
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clean  and  their  ways  straight  involves  payino^  some 
respect  to  the  high  purpose  of  biologic  investigation  and 
its  beneficent  achievements  for  human  welfare,  wliich 
together  give  meaning  and  sanction  to  the  experimental 
use  of  animals. 
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I.     IXTRODUCTIOX 

Xo  one  who  is  alive  to  the  nature  of  physical  pain  or 
aware  of  the  charm  of  the  domestic  animals  could  fail  to 
sympathize  with  an  inquiry  into  the  warrant  for  animal 
experiments.  It  has  always  seemed  odd,  it  is  true,  that 
this  critical  demand  should  not  only  hesjin  with,  but 
often  single  out  for  its  entire  attention,  the  one  human 
activity  involving  animal  sacrifice  which  has  for  its  aim 
the  relief  of  human  distress;  and  that  the  good  souls 
who  become  so  concerned  over  one  etherized  dog.  can 
regard  with  indifference  the  packing  industry — ^with  its 
wholesale  slaughter  to  appease  appetite;  or  the  fur 
industry — with  its  reckless  massacres  to  satisfy  vanity; 
or  the  fisheries — consigning  myriads  of  helpless  beings 
to  slow  death  by  drowning  in  the  air. 

Nevertheless,  those  who  are  responsible  for  deliberate 
experiments  on  animals  recognize  the  request  for  its 
grounds  of  justification,  as  a  perfectly  reasonable  one. 
If  the  discussion  is  one  in  which  facts  may  be  offered  as 
evidence,  it  ought  to  be  a  simple  matter  to  determine 
whether  or  not  the  achievements  of  the  experimental 
method  justify  its  continuance.  The  history  of  the 
subject  is  an  open  book;  and  in  commending  it  to  the 
honest  inquirer,  medicine  need  speak  in  no  apologetic 
tone.  Abundant  facts  for  a  final  decision  of  the  ques-. 
tion  would  come  to  light  through  a  studv  of  bacteriology 
and  surgical  asepsis — a  whole  science  based  on  experi- 
mentation; or  of  the  acute  diseases  for  which  specific 
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cures  have  been  determined  (malaria,  diphtheria,  cere- 
brospinal meningitis) ;  or  of  the  plagues  which  may  be 
absolutely  prevented  by  hygienic  and  therapeutic  meas- 
ures (malaria,  diphtheria,  yellow  fever,  small-pox,  rabies, 
tetanus) ;  or  of  the  hospital  plagues  which  aseptic  technic 
has  almost  abolished  (erysipelas,  blood-poisoning,  hos- 
pital gangrene) ;  or  of  the  developments  which  have 
made  every  portion  of  the  body  accessible  to  surgery ;  or 
of  the  triumphs  of  obstetrics,  which  have  reduced  the 
appalling  dangers  of  childbed  fever  to  an  almost  negli- 
gible minimum.  Even  then  only  the  most  striking  con- 
quests of  medicine  would  have  been  considered;  and 
their  significance  would  not  have  been  even  approxi- 
mately grasped  by  those  unfamiliar  with  the  difficulties 
encountered  by  medicine  at  every  step  forward. 

Nowhere,  however,  can  the  value  of  animal  experi- 
mentation be  so  satisfactorily  tested  as  in  a  studv  of  the 
history  of  syphilis. 

II.    THE  SOCIAL  IMPORTANCE  OF  SYPHILIS 

A  just  estimate  of  the  value  of  animal  experimenta- 
tion in  the  development  of  the  knowledge  of  syphilis  is 
of  vital  interest  because  of  the  importance  of  the  disease 
in  the  community.  This  is  an  importance  usually  over- 
looked by  the  public,  whose  interest  is  attracted  by  the 
more  deadly  plagues.  Yet  it  is  well  within  the  limits  of 
conservatism  to  say — so  wide-spread  is  the  disease,  so 
calamitous  and  far-reaching  are  its  effects — that  none 
surpasses  it,  and  few  equal  it  in  hyfijienic  importance. 
The  attitude  of  the  public  toward  experimentation 
undertaken  to  extend  our  knowledge  of  this  disease  is 
then,  obviously,  by  no  means  a  matter  of  indifference. 

Wide-spread  as  the  disease  undoubtedly  is,  we  have 
no  means  of  determining  its  exact  extent  with  accuracy ; 
so  many  cases  go  unreported,  and.  so  many  of  the  late 
effects  of  the  disease  unrecognized,  that  all  our  estimates 
are  underestimates.  Yet  even  so,  the  figures  are  suffi- 
ciently striking.  LeXoir,  after  a  study  of  nine  years, 
reported  at  the  International  Congress  in  Brussels  that 
between  13  per  cent,  and  15  per  cent,  of  the  male  adults 
of  Paris  were  syphilitic ;  in  other  words,  that  in  this  city 
alone,  and  considering  only  the  male  sex,  there  were 
125,000  cases  of  the  disease.     These  fisfures  were  con- 


firmed  by  Fournier;^  yet  they  by  no  means  give  even  an 
approximate  idea  of  the  extent  of  the  disease,  for  they 
take  no  adequate  account  of  the  ravages  of  late  heredi- 
tary and  para^yphilitic  processes. 

Syphilis  in  its  acute  stages  is  not  a  frequent  cause  of 
death;  and  examination  of  mortality  statistics  would, 
therefore,  hardly  be  expected  to  demonstrate  the  extent 
of  its  ravages — as  it  might  be  expected  to  do,  for 
instance,  in  the  case  of  typhoid  fever.  Yet  some  idea  of 
its  spread  and  significance  may  be  obtained  by  a  con- 
sideration of  the  attitude  of  insurance  toward  it.  Eune- 
berg^  found  that,  including  certain  apoplexies,  probably 
syphilitic  in  origin,  the  mortality  from  the  disease  was 
about  15  per  cent. — the  total  being  second  only  to  that 
of  tuberculosis  which  caused  21  per  cent,  of  the  deaths. 
These  figures,  which  may  be  somewhat  higher  than  other 
statistics  would  justify,  assume  added  importance  when 
it  is  remembered  that  they  represent  the  facts  existing 
among  the  insured,  that  is  to  say,  the  most  vigorous, 
portion  of  the  population.  The  damage  done  by  the 
disease  consists  largely  in  its  lowering  the  standard  of 
average  health,  paving  the  way  for  other  diseases  and 
possibly  laying  the  foundation  for  mental  degeneration 
and  alienation.  The  extent  of  these  secondary  effects 
can  only  be  estimated.  Most  insurance  companies 
require  that  four  or  five  years  shall  have  elapsed  after 
the  disappearance  of  the  last  symptoms  of  the  disease; 
and  no  applicant  who  has  had  syphilis  is  given  a  policy 
which  will  keep  him  on  the  company's  books  after  his 
fifty-fifth  year.  Greene^  goes  even  further,  and  firmly 
believes  insurance  at  ordinary  rates  (even  after  an 
interval  of  five  years)  to  be  an  error.  Under  no  circum- 
stances would  he  advise  a  straight  life  policy  to  be  issued 
to  a  man  who  has  a  syphilitic  history. 

III.     SYPHILIS    IN    THE   ARMY 

Consider  the  state  of  affairs  in  national  organizations 
in  which  men  are  under  constant  discipline  and  some- 
•thing  like  accurate  statistics  may  be  obtained.  Table  1 
represents  the  admission-rate  per  1,000  of  strength  for 
syphilis  among  the  British  troops  in  India. 

1.  Fournler :  Treatment  and  Prophylaxis  of  Syphilis,  Marshall's 
translation,  edition  1906,  Part  II,  p.  1.57. 

2.  Osier  and  Churchman  :  Chapter  on  Syphilis,  Osier's  Modern 
Medicine,  iii,  495. 

3.  Greene :    Examination  for  Life-Insurance,  p.  118. 
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TABLE  1. — Syphilis  Among  British  Troops  in  Ixdia  per  1,000 

OF  Admissions 

Primary  Syphilis, 
Year.  Inc.  Soft  Chancre.*  Secondary  Syphilis. 

1887  142.1  29.4 

1888  142.1  32.4 

1889  225.1  51.2 

1890  220.7  66.3 

1893  213.6  61.6 

1894  248.1  74.6 

1895  239.0  84.9 

1896  226.4  •  97.7 

1897  201.7  101.9 

♦It  must  be  observed  that  the  figures  in  this  column  include  cer- 
tain non-syphijitic  venereal  lesions.  The  above  table  is  from  French  :. 
Syphilis  in  the  Army. 

It  is  the  study  of  such  figures  as  these  which  leads 
experts  like  Sir  Alfred  Keogh*  to  write: 

It  may  be  stated  without  fear  of  contradiction,  that  there 
is  110  disease,  with  the  possible  exception  of  malaria,  that  has 
80  important  an  influence  on  the  efficiency  of  an  army  or  navy 
as  syphilis.  Other  diseases  doubtless  are  more  deadly  and  con- 
sequently attract  more  attention;  no  other  is  so  lasting  in  its 
effects,  or  so  persistent  in  its  attack  on  the  bodily  strength  of 
tha  man  who  lias  once  acquired  it.  A  soldier  gets  enteric  fever 
and  either  dies  or  recovers.  Out  of  a  hundred  such,  it  may 
safely  be  prophesied  that  eighty  will  survive,  and  of  these 
seventy,  at  least,  be  not  only  none  the  worse  for  their 
experience,  but  .eventually  all  the  more  efficient  for  field-ser- 
vice in  consequence  of  it.  .  .  On  the  other  hand,  thirty  men 
get  syphilis,  and  not  one  of  these  can  ever  be  considered  the 
man  he  was  before. 

With  this  expert  opinion  in  mind,  a  glance  at  the 
accompanying  chart  will  convince  any  one  of  the  tre- 
mendously crippling  power  of  syphilis  in  an  army.  It 
represents  the  facts  for  the  British  army  at  home  and 
abroad. 

These  statistics  may  be  supplemented  by  two  further 
tables j  showing  the  incidence  of  syphilis  in  the  armies 
of  Great  Britain  and  the  United  States. 

Tahle  2. — The  Incidence  of  Syphilis.*     The  British  Army  at 

Home  and  Abroad 


• 

Admissions 

Admissions  Per 

Year. 

Strength.  . 

.   for  Syphilis. 

1,000  of  Strength 

1894 

203,469 

27,436 

145.01 

1895 

200,681 

28,081 

140.41 

1903 

282,182 

12,668 

52.31 

1904 

244,425 

9,219 

37.72 

1905 

240,075 

7,039 

29.32 

1906 

230,128 

5,958 

25.89 

1907 

217,844 

5,033 

23.11 

1908 

215,647 

4,137 

19.19 

♦The  slight  discrepancies  between  figures  in  this  table  and  those 
in  the  previous  chart  are  apparently  due  to  the  fact  that  in  the 
chart  a  certain  small  number  of  non-luetic  lesions  are  included 
under  "primary  venereal  sores."  Tables  2  and  3  are  from  D'Arcy 
Power  and  Murphy :  System  of  Syphilis,  Volume  VI. 

4.  Keogh  :    Introduction  to  d'Arcy — Power  and  Murphy's  System 
of  Syphilis,  vol.  vi. 
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Table   3. — The  Occurrence   op  Syphilis   in  the   Army  of  the 

United  States 


Admissions 

Admissions  Per 

Year. 

Strength. 

for  Syphilis. 

1,000 

of  Strength 

1903 

71,«70 

1,676 

23.36 

1904 

59,671 

1,525 

25.56 

1905 

55,619 

1,953 

85.11 

1906 

53,573 

1,869 

34.89 

1907 

53,249 

1,534 

28.80 

1908 

50,705 

1,436 

28.32 

1909 

62,263 

1,592 

25.57 

Syphilis  is  thus  seen  to  be  one  of  the  most  important 
causes  of  military  inefficiency,  even  under  the  best  con- 
ditions of  medical  supervision.  Given  the  least  leeway 
it  may  break  out  to  an  appalling  extent,  as  it  did  among 
the  British  troops  in  the  Peninsula,  who  christened  it 
the  "Black  Lion  of  Portugal."^ 

IV.     THE  SERIOUS  NATURE  OF  SYPHILIS 

The  wide  incidence  of  syphilis  is,  then,  sufficiently 
evident.  But  the  great  menace  of  the  disease,  not  only 
to  the  two  arms  of  the  national  defence,  but  to  the  health 
— even  to  the  existence — of  the  nation  as  a  whole,  can 
be  made  plain  only  by  a  consideration  of  the  calamitous 
nature  of  its  clinical  manifestations. 

1.  Danger  to  the  Individual, — The  dangers  of  the 
disease  to  the  afflicted  individual  himself  are  perhaps 
roughly  appreciated,  though  iL  is  doubtful  if  the  serious 
handicap  to  work,  which  the  compromising  and  dis- 
agreeable secondary  symptoms  cause,  is  sufficiently 
understood.  What  is  certain  is  that  the  laity  and  a 
majority  of  physicians  wholly  fail  to  appreciate  the 
grave  and  often  fatal  nature  of  the  tertiary  manifesta- 
tions. These  are  particularly  pathetic,  because  they  may 
appear  in  the  prime  of  life,  years  after  the  initial  lesion 
has  been  forgotten  as  a  thing  of  the  past;  and  may 
absolutely  incapacitate  an  otherwise  healthy  man,  who 
has  become  involved  in  the  responsibilities  of  a  husband 
and  father.  Nothing  is  more  distressing  than  the  sinister 
predilection  of  tertiary  syphilis  for  the  nervous  system. 
Of  5,749  syphilitic  patients  studied  by  Fournier,®  758 
developed  syphilis  of  the  brain,  and  1,099  others  syph- 
ilis of  the  cord  and  nerves.  That  is  to  sav,  nearlv  one 
out  of  every  three  of  the  patients  exhibited  syphilis  of 

5,  Ricord :  Illustrations  of  Syphilis.  Historical  introduction  in 
Belton's  Translation. 

6.  Practically  all  that  is  here  written  on  the  dangers  of  syphilis 
is  taken  from  Fournler's  Treatment  and  Prophylaxis  of  Syphilis. 
Marshall's  Translation,  ed.  1906,  a  book  that  should  be  familiar  to 
everyone  interested  in  the  disease  and  its  relation  to  society. 
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the  nervous  system.  And  if  to  the  multiform  manifes- 
tations of  the  disease  in  its  active  stage  be  added  the 
parasyphilitic  phenomena  —  serious,  incapacitating  and 
as  vet  not  amenable  to  treatment  —  some  faint  idea  mav* 
be  gained  of  the  far-reaching  effect  of  the  disease  on  the 
individual. 

2.  Danger  to  the  Family, — But  it  is  as  a  menace  to 
the  family  that  this  disease  appears  most  formidable. 
No  catastrophe  can  be  more  disastrous  than  its  spread 
by  the  marital  relation ;  no  spectacle  more  dreadful  than 
its  transmission  to  innocent  children. 

It  is  the  wife,  of  course,  who  is  most  often — ^though 
not  always — innocently  infected;  and  when  this  occurs, 
disasters  of  many  kinds  follow.  The  woman  herself  is 
submitted  to  the  discomfort,  the  risk  and  the  degrada- 
tion of  syphilis;  and  no  consequence  pf  the  disease  can 
be  more  distressing.  Nor  is  this  occurrence  a  rare  one. 
Those  who  regard  syphilis  as  the  peculiar  property  of 
the  underworld,  and  eye  its  victims  with  suspicion, 
would  be  surprised  at  the  facts  brought  out  by  Fournier® 
who,  in  a  study  of  100  syphilitic  women,  found  one  in 
everv  five  to  have  been  innocently  infected  bv  her  lawful 
husband.  Such  a  woman  must  suffer  not  only  in  her 
own  body;  she  must  expose  her  children  to  the  most 
serious  form  of  syphilitic  heredity — mixed  heredity.  It 
is  onlv  natural  that  such  a  train  of  affairs  once  started 
often  ends  in  the  dissolution  of  the  family,  Even  if 
actual  divorce  does  not  ensue,  the  family  ties  fail  to 
stand  the  test;  affection  and  respect  die;  and  we  have 
the  melancholy  spectacle  of  a  house  divided  against 
itself.  Moreover,  not  infrequently,  economic  ruin  ensues 
through  incapacitation  of  the  head  of  the  family  and  the 
household  becomes  a  public  burden. 

3.  Danger  to  Posterity. — ^But  this  foul  disease  appears 
most  foul  in  its  dastardly  attacks  on  the  second  and 
third  generations ;  and  all  other  features  fade  beside  its 
importance  in  heredity.  Indeed,  the  need  of  protecting 
innocent  children  from  syphilitic  infection  is  the  com- 
plete answer  to  those  who  object  to  the  removal  of  the 
congequences  of  syphilis  as  inciting  to  vice. 

An  infant  mortality  astonishingly  high  is  what  the 
disease  produces.  In  many  instances  this  amounts  to  a 
complete  annihilation  of  posterity.  Ninety  women  stud- 
ied by  Fournier — all  seen  in  private  practice,  all  of  good 
constitution  and  surrounded  bv  a  favorable  environment 
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of  hygiene  and  wealth — ^became  pregnant  during  the  first 
year  of  the  disease  ("the  year  of  terror^^).  Fifty  of  these 
women  aborted,  thirty-eight  infants  died  soon  after 
"birth,  and  only  two  children  survived — a  mortality  of 
97.7  per  cent. !  Another  study  included  200  men  who 
had  married  while  syphilitic,  but  who  failed  to  con- 
taminate their  wives.  Four  hundred  and  three  preg- 
nancies for  which  these  men  were  responsible  resulted 
in  288  living  children  and  115  still-births,  abortions  and 
early  deaths.  Instances  of  excessive  infantile  mortality 
could  be  indefinitely  multiplied.  Ribemont-Dessaignes, 
for  instance,  reports  a  woman  who  contracted  syphilis 
from  her  husband;  she  became  pregnant  nineteen  times, 
had  five  still-births  and  gave  birth  to  fourteen  children, 
every  one  of  whom  died  under  6  months  of  age.  "A 
child,"  writes  Fournier,  "conceived  by  a  woman  in  the 
course  of  recent  syphilis  is  almost  certainly  condemned 
to  death." 

But  to  this  dreadful  indictment  must  be  added  the 
woful  heritage  which  syphilitic  parents  bequeath  to  the 
children  who  do  manage  to  survive.  Fragile  infants — 
a  prey  to  every  infection ;  monsters ;  pathetic  and  wizened 
mannikins ;  idiots ;  normal  children,  condemned  to  a  late 
syphilitic  heredity  at  the  second  dentition  or  at  puberty 
— this  is  the  spawn  of  syphilis.  Nor  does  the  trail  of 
the  beast  stop  here;  the  heritage  which  these  unfor- 
tunates receive  they  pass  on  to  their  descendants;  and 
the  effects  of  the  disease  in  hereditv  mav  be  traced 
through  three  generations  (Gilbert,  Caubert,  ifitienne). 
"To  cleanse  the  brothel,"  writes  Fournier,  "is  not  only 
to  protect  those  who  frequent  it ;  it  is  also  to  protect  the 
family  hearth,  the  honest  woman,  the  child  and  the 
race." 

That  syphilis  is  a  formidable  national  scourge  and 
that  complete  knowledge  of  it  is  of  fundamental  hvgienic 
importance  may,  then,  be  regarded  as  established. 

V.    KNOWLEDGE  OF  SYPHILIS  GAINED  BY  THE  EMPIRICAL 

METHOD 

We  have  next  to  inquire  into  the  state  of  modioal 
knowledge  of  the  disease  before  animal  experimentation 
began.  This  will  be  particularly  instructive ;  because  bv 
comparing  the  knowledge  thus  slowlv  acquired,  through 
long  years  of  simple  observation,  with  the  rapid  advances 
made  in  the  few  years  in  which  the  study  of  the  disease 


by  the  experimental  method  has  been  possible,  we  get  a 
vivid  picture  of  what  productive  animal  experimentation, 
now  adding  daily  to  our  knowledge  of  syphilis,  really 
means. 

It  may  be  said  at  once  that  the  information  about 
syphilis  which  medicine  was  able  to  accumulate,  entirely 
without  the  aid  of  animal  experiment,  was  marvelously 
complete  and  accurate.  Here  is  a  disease,  protean  in  its 
manifestations,  affecting  probably  every  organ  in  the 
body,  pursuing  a  long  and  insidious  course,  almost  iden- 
tical in  its  initial  forms  with  other  simple  venereal 
infections  and  possessing  a  peculiar  power  of  mimicry, 
whereby  it  can  simulate  minutely  the  signs  and  symp- 
toms of  numerous  other  diseases.  The  conditions  could 
hardly  present  greater  difficulties.  Yet,  purely  by  the 
method  of  clinical  observation,  chaos  was  orpaduallv 
reduced  to  order.  It  is  true  that  this  result  was  manv 
long  years  achieving.  At  the  time  of  the  European 
syphilitic  pandemic  (1494)  enormous  confusion  pre- 
vailed as  to  the  nature  of  the  various  venereal  infections. 
The  difficult  problem  was  gradually  solved — but  how 
gradually,  may  be  realized  when  it  is  recalled  that  not 
until  nearly  400  years  had  elapsed  was  the  question  of 
the  dualistic  nature  of  syphilitic  and  non-syphilitic  ven- 
ereal infections  settled. 

Quite  as  interesting  as  the  completeness  of  the  clini- 
cian's acquaintance  with  syphilis  in  pre-experimental 
days,  was  the  satisfactory  condition  of  its  therapeutics. 
Working  by  purely  empirical  methods  and  entirely  with- 
out a  rational  or  an  experimental  basis,  the  early  physi- 
cians found  and  developed^  a  method  of  treatment  by 
which  the  disease  could  almost  always  be  controlled,  and, 
in  a  large  majority  of  cases,  absolutely  cured.  The  choice 
of  mercury — recommended  in  syphilis  by  the  Galenists 
for  the  most  absurd  of  reasons — ^happened  to  be  a  lucky 
guess. 

In  1836  the  administration  of  potassium  iodid  in 
syphilis  was  recommended  by  Wallace.  This  date  is  an 
important  one  in  the  history  of  the  disease:  for  it  does 
more  than  mark  the  vear  of  a  valuable  contribution  to 
therapeutics.  It  marks,  too,  the  end  of  important 
advance  in  our  knowledge  of  the  disease;  for  from  that 
year  until  the  recent  successful  experimental  work  on 
animals,  medicine  stood  practically  still  so  far  as  syphilis 
was  concerned.    A  few  advances  were,  of  course,  made; 
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the  debate  as  to  the  dual  nature  of  luetic  and  non-luetic 
lesions  was  brought  to  a  conclusion  by  the  French  school 
(Bassereau,  Fournier,  Clerc,  Ricord) ;  certain  unrecog- 
nized syphilitic  lesions  were  described  (arthropathies  by 
Richet,  bursopathies  by  Verneuil) ;  extensive  statistical 
studies  were  made  by  Fournier  and  others;  and  the 
importance  of  parasyphilitic  and  late  hereditary  forms 
was  recognized  and  emphasized.  But  no  really  new  light 
was  thrown  on  the  disease.  Clinical  study  had  about 
reached  the  limit  of  its  possibilities. 

VI.    DEFICIENCIES  IN  PRE-EX  PERI  MENTAL  KN^OWLEDGE  OF 

SYPHILIS 

It  is  essential  for  one  interested  in  good  faith  in 
determining  the  value  of  experiments  on  animals  in 
syphilis  to  ask  whether  there  was  any  need  that  this 
intimate,  and  in  many  respects,  satisfactory  clinical  and 
therapeutic  knowledge  be  supplemented  by  facts  which 
animal  experimentation  might  supply.  Was  it  merely 
that  scientific  curiosity  craved  satisfaction?  Or  were 
there  real  hygienic  needs  to  be  met,  and  to  be  met  only 
by  the  study  of  the  disease  in  animals? 

That  a  vital  demand  for  further  knowledge  existed 
becomes  at  once  apparent  when  it  is  stated  that,  complete 
as  our  knowledge  of  syphilis  was,  there  were  a  number 
of  points  at  which  it  was  replaced  by  ignorance  as  com- 
plete; and  that  this  ignorance  concerned  certain  fund- 
amental features  of  the  disease. 

In  the  first  place,  it  has  oftein  been  impossible  to  make 
an  early  diagnosis.  The  first  sign  of  syphilis  (the 
chancre)  usually  appears  about  three  weeks  after  infec- 
tion has  occurred.  When  it  does  appear  its  nature  is 
often  so  uncertain  that  further  phenomena  must  be 
awaited  before  the  prolonged  and  disagreeable  treatment 
can  be  instituted.  If  specific  treatment  is  undertaken 
immediately,  the  sore  will  disappear,  secondarv  symp- 
toms may  never  present  themselves,  a  positive  diagnosis 
mav  never  be  made  and  the  treatment— which,  to  be 
effective,  must  be  carried  on  thoroughly  over  a  period  of 
vears — will  at  first  be  half-heartedlv  undertaken  and  in 
a  short  time  discontinued.  On  the  other  hand,  if  treat- 
ment is  not  promptly  begun,  valuable  days,  even  weeks, 
pass  before  the  disease  can  be  positively  recognized  and 
attacked. 
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In  the  next  place,  positive  diagnosis  in  the  later  stages 
of  the  disease  is  often  impossible.  Those  unfamiliar 
with  the  protean  manifestations  of  syphilis  have  no  con- 
ception of  the  difficulty  it  may  present  in  diagnosis. 
Even  the  most  experienced  physicians  are  often  unable 
to  tell  whether  a  given  condition  is  syphilitic  or  not. 

But  a  graver  deficiency  in  our  knowledge  of  this  dis- 
ease, is  our  inability  to  recognize  it  in  its  'latent"  forms. 
In  these  cases  the  infec.tion,  though  st!ll  present  and 
likely  to  break  out  at  any  time  or  to  be  passed  on  to 
others,  is  not  at  the  moment  producing  any  obvious  signs 
or  symptoms.  It  is  this  form  of  the  disease  which  con- 
tributes largely  to  the  danger  of  syphilis  among  prosti- 
tutes ;  fpr  the  existence  of  latent  syphilis,  though  a  real 
menace  to  the  community,  may  escape  the  most  careful 
medical  inspection.  A  syphilitic  woman  could  quite  well 
be  the  source  of  widespread  infection  and  yet  possess  a 
clean  bill  of  health  on  the  absence  of  obvious  signs. 

Moreover,  we  have  never  known  how  long  it  was 
necessary  to  continue  treatment  before  a  complete  cure 
wias  obtained.  As  our  knowledge  of  the  disease  advanced, 
it  became  clear  that  a  longer  and  longer  duration  of 
treatment  was  necessary  for  safety ;  and  it  is  now  rather 
arbitrarilv  estimated  at  about  three  vears.  But  this  is 
only  an  estimate.  And  how  unsafe  it  is  to  proceed,  in 
this  matter,  on  an  estimate  becomes  apparent  when  the 
importance  of  the  disease  to  marriage  is  borne  in  mind. 
All  physicians  are  agreed  that  no  syphilitic  should  marry 
until  the  disease  has  been  positively  cured  ;  but  they  have 
no  way  of  telling  just  when  cure  has  been  effected ;  and 
have,  therefore,  alwavs  lacked  the  necessary  data  for 
intelligent  advice  to  their  patients. 

Finally,  so  long  as  the  cause  of  the  disease  was  un- 
known and  the  possibilitv  of  its  study  by  the  methods 
of  reproduction  in  animals  excluded,  advances  in  the 
knowledge  of  the  disease — such  as  these  methods  had 
made  possible  in  the  case,  for  example,  of  suppuration — 
were  quite  out  of  the  question. 

VIT.     WHAT  EXPERIMENTAL  KESEARCH  HAS  ACHIEVED  IX 

THE  CASE  OF  SYPHILIS 

1.  Successful  Reproduction  in  Animals. — Previous  to 
1903  animal  experimentation  practically  did  not  exist  so 
far  as  syphilis  is  concerned.  So  many  of  the  attempts 
to  transmit  the  disease  to  animals  had  been  unsuccessful, 
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and  so  difficult  was  it  to  control  the  supposedly  successful 
results,  that  the  general  attitude  toward  the  subject  was 
one  of  apathy.  Certain  observers  had  indeed  reported 
successful  transmission  to  animals.  Auzias-Turenne/ 
for  example,  claimed  to  have  inoculated  the  cat;  LeGros 
and  Lancereaux,®  the  pig;  and  an  occasional  success  had 
been  obtained  in  monkeys  (Klebs,®  Martineau  and 
Hamonic/^  NicoUe^^  and  others).  But  the  successes  had 
been  only  occa^onal  and  could  not  be  substantiated  bv 
independent  observers. 

In  1903,  however,  the  first  communication  of  Metch- 
nikoff  and  Eoux^^  was  published  by  the  Pasteur  Insti- 
tute. The  authors  reported  the  undoubtedly  successful 
transmission  of  syphilis  to  a  two-year-old  female  chim- 
panzee ;  and  the  equally  successful  inoculation  of  a  male 
chimpanzee  with  material  taken  from  the  first  animal. 
Several  bonnet  monkeys  (M.  sinicus)  were  also  success- 
fully inoculated;. but  certain  species  (e.  g.,  the  mandrils) 
seemed  to  be  insusceptible.  These  experiments  were 
promptly  repeated  by  Lassar^^  and  the  results  confirmed. 

The  successful  inoculation  of  animals  immediatelv 
opened  up  a  dozen  avenues  of  research,  and  a  second 
communication  soon  appeared  from  the  same  workers*.^* 
Here,  continuation  of  the  inoculation  experiments  was 
reported;  and  it  was  apparently  demonstrated  that 
monkeys  might  be  divided  into  two  groups,  according 
to  their  susceptibility  to  syphilis  —  the  anthropoids 
approaching  the  lower  races  of  man  in  susceptibility,  the 
mandrils  and  maimons  exhibiting  a  complete  natural 
immunity  to  the  disease.  The  idea  was  therefore  con- 
firmed, which  had  previously  been  advanced  by  others, 
that  failure  to  use  susceptible  animals  probably  explained 
much  of  the  inconsistency  of  the  experimental  work  done 
before  this  time.  Additional  confirmation  of  this  work 
soon  came  from  Neisser,^*  who  reported  successful  inocu- 

7.  Auzias-Turenne :    La  syphilisation    1878,  p.  422. 

8.  I^gros  and  Lancereaux :    In  Dictionnalre  EncyclopMlque  des 
Sciences  M^dicales.  1884,  xiv,  498. 

9.  Klebs:    Arch.  f.  exper.  Path,  1879,  x,  161. 

10.  Martineau  and  Hamonic :  Bull,  de  TAcad.  de  med.,  1882, 
1007  ;  Soc.  med.  des  hOp.,  1883  ;  Rev.  Clin,  d'  androl.  et  de  gynecol., 
1903,  p.  225. 

11.  Nicolle :  Not  published;  quoted  by  Metchnikoff  and  Roux  in 
their  first  communication. 

12.  Metchnikoff  and  Roux  :  Ann.  de  I'lnst.  Pasteur,  1903,  xvii. 
No.  12. 

13.  Lassar:  Berl.  kiln.  Wchnschr..  1903,  No.  52,  p.  1;  1904, 
p.  801. 

14.  Metchnikoff  and  Roux.  Ann.  de  I'Inst.  Pasteur,  1904,  xylil. 
No.  1. 

15.  Neisser:    Deutsch.  med.  Wchnschr..  1904,  pp.  1369,  1431. 
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lations  of  chimpanzees,  orang-outangs  and  a  gibbon.  In 
1904,  Metchnikoff  and  Roux's  third  communication^^ 
appeared.  Here  the  particularly  interesting  point  was 
made  that  the  syphilitic  virus  would  not  pass  through  a 
Berkefeld  filter.  Klingmiiller  and  Baermann^^  had  prev- 
iously made  the  same  assertion  after  having  inoculated 
themselves  with  human  syphilitic  material  which  had 
been  passed  through  a  Berkefeld  filter.  Finally,  the 
two  workers  at  the  Pasteur  Institute  published  their 
conviction,  in  a  fourth  communication,^®  that  the  chim- 
panzee, by  reason  of  its  susceptibility  to  syphilis  and 
the  similarity  of  the  symptoms  produced  with  those  seen 
in  human  beings,  was  the  most  suitable  animal  for 
experimental  purposes.  More  important  still,  they  were 
able  to  confirm  the  work  of  Schaudinn,  which  had  mean- 
while appeared,  by  finding  the  Spirochceta  paUida^^  in 
74  per  cent,  of  thirty-one  syphilitic  monkeys.  Thus  did 
the  two  lines  of  research  promptly  cross. 

Experimental  work  on  animals  other  than  monkeys 
was  never  very  conclusive  until  Bertarelli^®  reported  the 
successful  inoculation  of  the  cornea  in  rabbits.  A  similar 
result  had  been  obtained  by  Haensell  ;^^  and  Bertarelli^s 
observations  were  promptly  confirmed  by  Hoffmann  and 
Briining,^^  by  Scherber,^^  and  by  Greef  and  Clausen.^* 

Thus,  in  a  few  short  vears  the  technic  of  animal 
experimentation — so  fruitful  in  other  fields — has  been 
developed  for  syphilis.  It  is  impossible  to  exaggerate 
the  importance  of  this  advance,  which  touches  the  whole 
dreary  prospect  of  syphilis  with  hope.  The  work  of 
Metchnikoff  and  Roux  on  susceptibility  and  immunity, 
of  Finger  and  Landsteiner^''  on  the  infectiousness  of 
tertiary  lesions  and  of  semen,  of  Neisser  on  the  syphilitic 
testicle:  these  are  a  few  instances  of  the  way  in  which 
new  avenues  of  progress  were  immediately  opened  up 

16.  Motchnikoflf  and  Roux :  Ann.  de  I'lnst.  Pasteur,  1904,  xviil, 
657. 

17.  KlingmtiUer  and  Baermann  :  Deutsch.  med.  Wchnschr.,  1904, 
p.  766. 

18.  Metchnikoff  and  Roux :  Ann.  de  I'lnst.  Pasteur,  1905,  xlx, 
673. 

19.  There  is  some  disagreement  as  to  the  proper  name  for  this 
organism.  Treponema  palUdum  is  probably  more  correct,  but  Spiro- 
chwta  is  used  here  as  being  more  familiar. 

20.  Bertarelli:    Centralbl.  f.  Bakt.,  Orig.  1,  1906,  xli,  320. 

21.  Haensell :    Arch.  f.  Ophth.,  1881-3,  xxvii,  93. 

22.  Hoffmann  and  Brtlning :  Deutsch.  med.  Wchnschr.,  1907,  No. 
14    p.  553. 

23.  Scherber:    WIen  med.  Wchnschr.,  1906,  p.  726. 

24.  Greef  and  Clausen :    Deutsch.  med.  Wchnschr..  1906,  p.  1454. 

25.  FIneer  and  Landstelner :  Arch.  f.  Dermatol,  u.  Syph.,  1906, 
Ixxvili,  385;  Ixxxi,  146. 
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and  promptly  traveled  by  eager  scientists.  The  pre- 
vention of  syphilis,  which  previously  seemed  an  Utopian 
dream,  became — once  the  transmission  of  the  disease  to 
animals  was  assured — a  reasonable,  if  remote,  hope ;  and 
there  was  not  a  single  dark  crevice  into  which  this  dis- 
covery did  not  throw  encouraging  light. 

2.  Discovery  of  the  Cause  of  Syphilis. — The  year  1905 
marks  the  beginning  of  a  new  era  in  the  history  of  syph- 
ilis; for  a  publication  which. then  appeared  put  an  end 
to  the  long  and  weary  search  for  the  cause  of  the  disease. 
The  idea  of  a  living  contagium  in  syphilis  had  long  been 
held,  and  the  tale  of  the  search  for  it  is  one  to  make  the 
judicious  grieve.  But  a  new  light  broke  with  the  appear- 
ance of  the  paper  of  Schaudinn  and  Hoffmann.^*  It  was 
an  epoch-making  report,  but  it  was  a  model  of  calmness. 
Despite  the  importance  of  the  observations,  the  facts 
were  cautiously  stated  and  a  discussion  of  their  signifi- 
cance postponed  until  the  accumulation  of  further  data. 
The  authors  had  found,  they  said,  a  characteristic,  non- 
refractile,  delicate  organism,  4-14  microns  in  length, 
pointed  at  both  ends,  with  numerous  clear,  tight,  cork- 
screw-like spiral  curves.  It  was  readily  distinguishable 
from  other  bacterial  and  protozoan  forms,  and  had  been 
found  in  numerous  primary  and  secondary  syphilitic 
lesions.  Moreover,  Metchnikoff  had  been  able  to  demon- 
strate its  presence  in  the  primary  lesion  of  an  experi- 
mentally inoculated  ape. 

This  paper  immediately  awakened  a  new  interest  in 
the  subject  throughout  the  world :  and  confirmatorv  evi- 
dence soon  accumulated  in  enormous  amounts.^^  Before 
long,  what  had  at  first  been  cautiously  accepted  as  a 
probability  borderins:  on  certainty,  became  a  certaintv; 
the  Spirochete  pallida  of  Schaudinn  and  Hoffmann  with- 
stood all  efforts  to  disprove  its  etiologic  relation  to  svph- 
ilis ;  and  the  long  and  weary  search  for  the  cause  of  the 
disease  was  at  an  end. 

3.  Discovery  of  a  Diagnostic  Reaction  Specific  for 
Syphilis. — Hardly  less  important  than  the  discovery  of 
the  cause  of  syphilis,  was  the  demonstration  of  a  biologic 

26.  Schaiidirn  and  Haffmann  :  Arb.  a.  d.  k.  Gsndhtsamtp.  xxil. 
No.  2,  p.  527:  Deutsche,  med.  Wchnschr..  1005.  No.  18.  p.  711. 

27.  Tt  Is  impossible  to  indicate  even  tlie  more  important  articles. 
The  early  literature  on  the  ^pirochfria  pallida  is  collected  in  a 
T^eipsic  thesis  by  Julius  Glass.  December,  1005  :  and  by  Herxheimer. 
in  Lubnrsch  and  Ostertag's  Ergebnisse  der  Alleg.  Path.,  .Tahr&rang. 
xi.  Abteil.  1.  The  article  by  F.  P.  Gay  in  Tnternat.  Clin..  1007.  iii. 
series  17,  p.  100,  is  accompanied  by  a  useful  bibliography. 
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reaction,  the  presence  of  which  is  absolute  proof  of  the 
existence  of  the  disease,  even  in  the  absence  of  signs  or 
symptoms.^*  The  very  great  value  of  such  a  reaction  in 
cases  of  doubtful  diagnosis,  and  particularly  in  latent 
syphilis,  needs  only  to  be  mentioned  to  be  appreciated. 
The  reaction  was  discovered  almost  simultaneously  by 
Wassermann,  Neisser  and  Bruck,^^  and  by  Detre,^®  work- 
ing independently,  but  with  practically  the  sametechnic. 
The  names  of  Bordet  and  Gengou^^  must,  however,  be 
borne  in  mind  in  this  connection.  These  two  pioneer 
observers  (who  also  recognized  the  Spirochwta  pallida 
before  Schaudinn  and  just  missed  appreciating  its  sig- 
nificance) were  the  first  to  describe  the  general  phe- 
nomenon of  complement  fixation  (or  deviation),  of 
which  the  Wassermann  reaction  for  syphilis  is  a  modified 
example.  This  highly  theoretical  investigation  and  the 
immensely  practical  application  of  it  by  Wassermann 
depended  on  animal,  experimentation  at  every  step. 

The  Wassermann  reaction  depends  on  the  capacity 
which  the  serum  of  syphilitic  patients  has  to  fix  com- 
plement in  the  presence  of  extracts  of  syphilitic  tissue, 
or  certain  other  alcoholic  extracts.  This  fixation  of  com- 
plement is  tested  for  by  the  use  of  a  so-called  hemolytic 
system,  which  consists  of  red  blood-cells,  and  a  serum 
capable,  in  the  presence  of  complement,  of  hemolyzing 
them.  It  is  impossible  to  define  tlie  reaction  without  the 
use  .of  highly  technical  terms  which  would  themselves 
require  extensive  definition.  Here,  one  may  simply  state 
how  the  test  is  made.  Extract  of  known  syphilitic 
material  and  the  blood-serum  of  the  patient  to  be  tested 
are  mixed  in  a  test-tube.  Fresh  guinea-pig  serum  is 
then  added  and  the  mixture  incubated  to  allow  comple- 
ment-fixation to  occur.  The  hemolytic  system,  which 
requires  complement  for  the  completion  of  the  hemolysis, 
is  next  added.  If  the  serum  to  be  tested  is  not  syphilitic, 
complement  is  not  bound  and  hence  is  available  for  the 

28.  The  roactlon  has  boen  observod  also  In  leprosy  and  In  scarlet 
fever ;  but  for  practical  purposes  these  exceptions  do  not  impair  its 
diagnostic  value. 

29.  Wassermann.  Nelsser  and  Bruck  :  Deutsch.  med.  Wchnschr., 
1906,  xxxii,  745  :  Wassermann,  Neisser,  Bruck  and  Shucht :  Ztschr. 
f,  n.vff.  u.  Infektionskr..  1906.  Iv,  451;  Wassermann:  Wien.  klin. 
Wchnschr.,  1906,  xxi.  745  :  Wassermann  and  Meier :  Deutsch.  med. 
Wchnschr.,  1907.  xxxlii.  1287. 

.SO.  Detre :  Wien.  klin.  Wchnschr..  1906.  xlx.  619 ;  Detre  and 
Breeovskl :    Wien.  klin.  Wchnschr.,  1908.  xxi.  1700. 

.31.  Bordet  and  Gongou  :  Ann.  de  I'Tnst.  Pasteur.  1901,  xv,  289; 
Bordet:  Bull,  de  I'Acad.  royale  de  Beljjlque.  1906.  xx,  454;  Ztschr. 
f.  ImmunltUts-Forsch..  1909,  Referate  I,  1.  Boi*det  and  Gay :  Ann. 
de  rinst.  Pasteur,  1906.  xx,  467. 
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use  of  the  hemolytic  system;  hemolysis,  therefore,  pro- 
ceeds, the  red  blood-corpuscles  continue  to  be  destroyed, 
the  mixture  becomes  red  in  color  and  the  test  is  negative. 
If,  on  the  other  hand,  the  serum  is  syphilitic,  comple- 
ment is  bound,  hemolysis  inhibited,  the  red  blood-cells 
not  destroyed,  the  mixture  not  reddened,  and  the  test  is 
positive. 

This  test;  while  not  absolutely  constant,  has  turned 
out  to  be  one  of  the  most  valuable  of  the  biologic 
reactions.  When  the  test  is  negative,  sjrphilis  is  not 
excluded;  but  when  positive,  a  diagnosis  of  syphilis  is  to 
be  made  with  almost  absolute  certainty.  It  has  already 
shown  itself  even  more  reliable  than  the  Widal  reaction ; 
and  no  one  familiar  with  typhoid  fever  is  ignorant  of  the 
very  great  value  of  this  diagnostic  test. 

4.  Discovery  of  a  Specific  Drug  for  Syphilis. — It 
would  be  difficult  to  find  in  the  history  of  medicine  a 
more  interesting  and  instructive  story  than  the  account 
of  the  work  which  led  up  to  the  discovery  of  salvarsan 
(606).  When  Ehrlich  began  his  work  years  ago,  syphilis 
was  the  last  thing  in  his  mind.  He  was  interested  at 
that  time  in  the  idea  which  possessed  him  that  every 
living  cell  has  a  chemical  affinity  for  some  particular 
substance.  This  property  of  mutual  attraction  he  called 
chemotropism ;  and  in  experimenting  with  dyestuflfs  he 
came  upon  a  very  pretty  example  of  it  in  the  selective 
affinity  which  methylene-blue  exhibits  for  cells  of  the 
nervous  system.  If,  then,  such  a  specific  affinity  did 
exist,  it  seemed  quite  probable  that  it  might  also  exist 
between  certain  drugs  and  certain  parasites;  and  after 
some  years  of  further  experimentation  Ehrlich  was  able 
to  investigate  this  point.  He  believed  that  for  each 
specific  parasite,  a  specific  curative  drug  could  and 
would  be  found.^2  Because  of  the  sleeping-sickness  epi- 
demic in  Africa  and  because  the  disease  is  easily  trans- 
ferable to  mice,  Ehrlich  began  with  a  study  of  this 
affection.  He  succeeded,  in  connection  with  Wein- 
.berg,  in  producing  a  new  dyestuff  (trypan-red)  which 
caused  the  organisms  to  disappear  from  experimentally 
inoculated  mice  in  one  injection.  It  was  soon  shown  that 
parasites  rapidly  acquired  a  tolerance  for  such  drugs  and 
that,  in  order  permanently  to  cure  a  parasitic  disease, 
it  was  necessary  to  destroy  every  single  parasite  in  the 

32.  Marks,  L».  H. :    Ehrllch's  Biochemical  Theory.  Its  Conception 
and  Application,  The  Journal  A.  M.  A.,  Dec  3,  1910,  p.  1974. 
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shortest  possible  time.  Ehrlieh's  very  diflScult  problem 
then  became  to  produce  a  substance  which  was  so  specific 
for  given  parasites  as  completely  to  destroy  them  at  one 
injection,  but  which  was  at  the  same  time  harmless  to 
the  infected  animal  itself.  Starting,  then,  from  atoxyl — 
an  arsenic  compound  known  to  be  eflScacious  in  trypan- 
osomiasis, but  dangerous  to  the  animal — Ehrlich  pro- 
ceeded to  the  solution  of  the  problem.  The  task  was  one 
of  colossal  dimensions.  Hundreds  of  substances  had  to 
be  synthetized  and  then  tested  for  toxicity  on  various 
species  of  animals.  Of  the  large  number  of  drugs  made 
and  tried,  only  about  ten  stood  the  test. 

At  about  this  stage  in  the  work  it  was  shown  by  Ber- 
tarelli  and  others,  that  syphilis  could  be  transferred  to 
rabbits ;  and  Ehrlich  turned  his  attention  to  the  diseases 
caused  by  the  spirilla  and  spironema :  syphilis,  relapsing 
fever  and  chicken  spirillosis.  In  a  short  time  a  drug 
was  produced — No.  606  in  the  series — which  Hata  found 
would  definitely  cure  chicken  spij-illosis  in  a  small,  safe, 
dose,  would  completely  sterilize  a  mouse  infected  with 
relapsing  fever,  and — in  a  dose  one  seventh  of  the  dosis 
tolerata — ^was  sufficient  to  cause  the  Spirochmta  pallida 
to  disappear  from  a  syphilized  rabbit.^^  Ehrlich  repeated 
the  experiments ;  the  drug  was  again  tested  on  dogs,  and 
on  two  of  Professor  Alt's  assistants,  who  volunteered  to 
demonstrate  in  this  way  the  safety  of  the  drivg  for 
human  beings.  It  was  then  tried  on  patients.  In  order 
to  make  the  test  of  the  drug  on  human  beings  as  con- 
vincing as  possible,  Ehrlich  distributed  20,000  doses  to 
clinicians  of  standing  throughout  the  world,  on  the  con- 
dition that  certain  risrid  restrictions  in  administration 
be  observed,  and  that  the  patients  be  kept  in  hospitals  ^ 
several  days  for  observation.  On  the  results  thus 
obtained,  Ehrlich  will  base  his  conclusions  as  to  the 
value  of  the  drug  in  the  treatment  of  human  syphilis. 
Those  who  have  attempted  to  assemble,  one  at  a  time, 
20,000  objects  of  any  kind — say  something  as  readily 
accessible  as  a  canceled  two-cent  stamp — will  appreciate 
something  of  the  magnitude  of  this  task,  when  they 
remember  that  the  preparation  of  the  dose  of  the  drug, 

.S.3.  The  chemical  name  of  this  preparation  is  p.p. — dioxy=m.m. — 
diamido-arseno-benzol.  It  is  used  in  the  form  of  hydrochlorid  of 
the  sodium  salt,  which  has  the  following  structural  formula  : 
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the  necessary  examination  and  subsequent  observation 
of  the  patient,  the  preparation  of  the  records,  the  critical 
examination  of  the  results — are  proceedings  which  repre- 
sent hours  of  work  for  each  individual  case;  and  that 
this  colossal  task  is  merely  the  final  stage  in  a  research 
which  has  been  going  on  for  years.  This  point  is  worth 
calling  to  the  attention  of  those  who  are  accustomed  to 
regard  animal  experimentation  as  child's  play,  under- 
taken at  odd  moments,  by  brutes  who  love  to  see  animals 
squirm. 

This  account  of  the  work  of  Ehrlich  is  the  briefest 
possible  sketch. ^^  It  conveys  no  idea  whatever  of  the 
diffiqulty  of  the  problems  attacked,  or  of  the  genius  dis- 
played in  overcoming  them.  It  says  nothing  of  several 
important  contributions  made  to  the  theory  of  science, 
and  to  the  practice  of  medicine,  by  the  way.  One  of  the 
earliest  points  brought  out,  for  example,  was  a  demon- 
stration of  the  true  chemical  nature  of  atoxyl.  Again, 
tr3rpan-red — though  used  by  Ehrlich  against  sleeping- 
sickness — ^was  shown  by  Nuttall  to  be  also  effective  in 
the  widely  distributed  Texas  fever  of  cattle.  Salvarsan 
(606),  sent  by  Ehrlich  to  Iversen  in  Eussia,  proved  to 
be  of  very  great  value  in  the  treatment  of  relapsing  fever. 

Of  the  exact  value  of  the  drug  in  syphilis  it  is  too 
early  to  speak;  the  evidence  is  not  yet  all  collected  and 
has  not  been  made  public.  Moreover,  it  is  recognized  as 
quite  possible  that  a  drug  so  powerful  may  have  impor- 
tant deleterious  effects;  and  until  this  point  is  cleared 
up  by  experience,  any  judgment  as  to  its  final  place  in 
medicine  is  ill-advised.  It  is,  however,  an  open  secret 
that  astonishing  results  have  been  obtained.  From  the 
clinics  of  Wechselmann  and  many  others,  reports  have 
already  appeared  which  make  it  seem  certain  that — even 
if  the  final  results  fail  to  fulfil  the  early  hopes — a  con- 
tribution of  the  very  first  importance  has  been  made  to 
the  therapeutics  of  syphilis. 

But  Ehrlich's  work  has  been  more  than  a  contribution 
of  this  sort.  He  has  founded  a  new  science  of  chemo- 
therapy, and  has  given  a  new  vitality  to  pharmacolosrv — 
hitherto  interested  largely  in  the  toxic  effects  of  dru^s 
on  normal  animals.  He  prophesies  a  new  era  to  be 
brought  about  by  the  interest  of  chemists  like  Baumann 
and  Emil  Fischer,  and  clinicians  like  von  Mehring  in 

34.  :Marks,  L.  H.  :  Paul  Ehrlich ;  the  Man  and  His  Work, 
McClure's  Masrazino.  Docombor.  1010;  Schweitzer:  Ehrlich's  Chem- 
otherapy— a  New  Science,  Science,  Dec.  0,  1010. 
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practical  therapeutics.  "On  the  basis  of  years  of  experi- 
ence in  the  laboratory/^  he  writes,  "I  indeed  believe  I 
am  justified  in  expressing  the  hope  that,  by  carefully 
following  the  path  [of  chemotherapy]  which  I  have 
sketched,  a  sure  advance  will  be  made."*''  These  are  the 
cautious  and  serious  words  of  a  serious  man,  whose 
talent  and  achievement  place  him  in  the  very  first  rank. 
It  is  the  opinions  of  such  men  which  should  be  decisive 
in  these  matters. 

This,  then,  is  what  animal  experimentation  has  done 
for  syphilis.  In  a  period  of  abaid  seven  years  the  cause 
of  the  disease  has  been  estaMished,  a  specific  reaction 
for  its  detection  has  been  discovered,  its  successful  trans- 
mission to  animals  has  been  accomplished,  and  a  drug 
of  apparently  first-rate  importance  has  been  advanced 
for  its  treatment.  Those  ivho  make  practical  achieve- 
ment the  final  test  of  the  value  of  experimental  worh, 
could  hardly  ash  for  more  convincing  evidence  than 
these  splendid  results  provide, 

VIII.    PRACTICAL  VALUE  OP  RECENTLY  ACQUIRED  KNOWL- 
EDGE OP  SYPHILIS 

To  appreciate,  however,  the  real  significance  of  these 
advances  it  is  necessary  to  do  something  more  than 
merely  state  them.  Xo  one  could  possibly  deny  their 
importance,  regarded  simply  as  achievements.  But  it  is 
conceivable  that  this  might  not  be  regarded  as  sufficient 
justification  for  them.  "Do  they,"  it  might  be  asked, 
"represent  merely  the  triumph  of  scientific  curiosity  over 
great  natural  obstacles;  or  have  they  really  made  medi- 
cine more  efficient,  by  enabling  it  to  deal  better  with 
this  disease?" 

It  must,  in  reply,  be  at  once  stated,  and  stated  with 
great  emphasis,  that  there  is  not  a  single  weak  point  in 
the  medical  attack  on  syphilis  which  recent  animal 
experimentation  has  not  strengthened;  that  complete 
knowledge  has  in  many  places  replaced  complete  ignor- 
ance; that  diagnosis  has  been  made  easy  where  it  was 
previously  difficult,  and  possible  where  it  was  previously 
out  of  the  question;  that  the  efficiency  of  treatment  has 
been  tremendouslv  increased ;  arid  that  the  wav  has  been 
indicated  for  the  solution  of  many,  if  not  all,  of  the 
difficulties  which  still  remain. 

35.  Ehrllch  :    Bor.  d.  doiitsch.  chem.  Gesellsch.,  xlii,  No.  1. 
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In  order  to  justify  these  extreme  claims  let  me  take 
up,  in  an  itemized  way,  the  deficiencies  in  our  previous 
knowledge,  which  have  already  been  indicated,  and  apply 
to  them  the  facts  which  animal  experimentation  has 
supplied. 

1.  Possibility  of  Early  Diagnosis. — An  early  diagnosis 
of  syphilis  is  now  possible.  On  the  appearance  of  the 
initial  lesion,  we  are  able — ^by  finding  the  recently  dis- 
covered Spirochceta  pallida — to  make  a  positive  diagnosis 
of  the  disease.  The  confusion  with  non-syphilitic  genital 
lesions  has  become  a  thing  of  the  past  and  it  is  no  longer 
necessary  to  waste  valuable  time  awaiting  the  appearance 
of  secondary  symptoms  before  treatment  is  begun. 

2.  Increased  Possibility  of  Positive  Diagnosis.  —  A 
positive  diagnosis  is  now  possible  in  many  cases  which 
previously  went  unrecognized.  The  Wassermann  reac- 
tion and  the  demonstration  of  the  SpirocJueta  pallida 
are  of  great  importance  in  making  the  sometimes  difficult 
differential  diagnosis  between  syphilis  and  the  host  of 
affections  which  may  simulate  it — a  diagnosis  which, 
without  these  aids,  was  often  simply  not  made. 

3.  Recognition  of  Latent  Syphilid. — It  is  now  possible, 
in  a  large  majority  of  cases,  to  recognize  "latent"  syph- 
ilis. Heretofore,  unless  symptoms  recognized  as  defi- 
nitely syphilitic  were  present,  we  had  no  means  of  detect- 
ing the  disease.  N"ow,  it  is  possible  to  say  not  only  that 
a  man  has  syphilis,  but  (in  a  fairly  large  proportion  of 
cases)  that  he  has  had  it.  This  is  an  advance  of  the 
very  greatest  importance.  It  enables  us  to  recognize  the 
syphilitic  nature  of  many  affections  which  might  other- 
wise be  badly  treated.  And  it  promises  to  be  of  value  in 
the  solution  of  the  vexed  problem  of  prostitution;  for 
we  are  now  able  to  tell,  with  a  good  deal  of  exactness, 
which  prostitutes  are  infectious,  and  efficient  hygienic 
control  becomes  a  possibility.  Indeed,  the  means  for 
the  detection  of  the  disease  in  the  absence  of  symptoms, 
the  means  for  its  positive  diagnosis,  and  the  means  for 
its  cure,  having  been  provided,  it  is  now  possible  for 
the  community — if  it  choose  to  make  intelligent  use  of 
the  knowledge — to  rid  prostitution  of  syphilis.  And 
this  means,  in  time,  the  abolition  of  the  disease  from  the 
face  of  the  earth.  If  this  sounds  like  an  utopian  dream, 
one  has  but  to  recall  small-pox,  which  once  raged  every- 
where, but  which  medicine — with  slender  means  at  her 
disposal — finally  overcame.    Sufficient  knowledge  is  now 
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at  hand  to  enable  us  to  recognize  and  control  the  main 
foci  of  infection;  proper  use  of  this  knowledge  will 
eradicate  syphilis,  even  though  prostitution  itself  con- 
tinue, as  it  quite  well  may,  to  flourish. 

4.  Possibility  of  Ascertaining  a  Definite  Cure. — The 
time  when  a  syphilitic  patient  may  be  regarded  as  cured, 
and  not  only  free  from  the  disease  himself,  but  incapable 
of  transmitting  it  to  others,  may  now  be  known  with 
practical  exactness.  The  importance  of  this  fact  in 
relation  to  the  question  of  marriage  is  evident.  To  the 
syphilitic  patient  anxious  to  marry,  but  equally  anxious 
not  to  confer  on  his  future  wife  and  children  the  dangers 
of  the  disease,  medicine  has  heretofore  been  able  to  give 
only  halting  advice.  After  three  or  four  years  of  treat- 
ment she  has  allowed  him  to  marry,  but  always  with 
some  misgivings.  N"ow,  she  will  certainly  forbid  his 
marriage  if  his  Wassermann  reaction  is  positive,  no 
matter  how  long  he  has  undergone  treatment,  or  how 
complete  is  his  freedom  from  symptoms;  and  she  will 
allow  the  marriage  confidently,  if  the  reaction  becomes 
negative  and  remains  so  without  treatment.  Moreover, 
if  the  state  ever  finds  itself  prepared  to  exercise  an 
enlightened  control  over  the  physically  unfit  to  prevent 
them  from  passing  their  burdens  on  to  posterity,  medi- 
cine stands  ready  to  indicate  to  the  state  just  what,  so 
far  as  syphilis  is  concerned,  constitutes  unfitness. 

5.  Proof  of  Infectiousness  of  the  Tertiary  Lesion. — 
Not  least  of  the  contributions  of  experimentation  has 
been  the  proof  of  the  infectious  nature  of  the  tertiary 
lesions.  This  fact  has  only  to  be  stated  for  its  impor- 
tance to  be  understood. 

6.  Increased  Activity  with  Regard  to  Syphilis.  — 
Finally,  now  that  the  cause  of  syphilis  is  known  and 
methods  for  its  study  in  animals  are  at  hand,  the 
lethargy  of  preexperimental  days,  in  regard  to  syphilis, 
disappo^rs,  and  is  replaced  by  enthusiastic  and  hopeful 
activity.  For  it  must  be  remembered  that  the  study  of 
syphilis  by  the  use  of  animals  is  yet  in  its  infancy;  that 
only  the  bare  beginnings  have  been  made.  The  recently 
acquired  knowledge  of  the  disease  is  still  in  a  fluid  state ; 
and  it  is  difficult  to  estimate  exactly  what  the  ultimate 
value  of  the  observations  made,  will  be — as  difficult  as  to 
prophesy  the  exact  future  position  of  every  boat  in  a 
fishing  fleet,  making  for  harbor  with  favoring  wind  and 
current.    Yet,  the  wind  that  blows  is  the  wind  of  prog- 
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ress;  the  current  is  the  current  of  hope;  and  the  haven 
ahead  is  the  harbor  of  health.  Behind,  lies  the  troubled 
sea  of  chaos  and  despair.  Anyone  who  thinks  this  a 
mere  figure  of  speech  is  invited  to  consider  the  incalcu- 
lable value  of  the  achievements  of  recent  experimenta- 
tions for  the  host  of  innocent  women,  menaced  by  this 
disease,  and  the  great  army  of  unborn  children,  threat- 
ened with  a  syphilitic  heritage;  and  to  recall  that  the 
loss  of  animal  life  involved  in  the  work,  shrinks  to 
insignificance  beside  that  represented  in  any  meat  market 
you  choose  to  pass,  while  the  amount  of  animal  suffering 
entailed  might  easily  be  duplicated  in  every  one  of  a 
thousand  fisheries,  to  whose  activities  the  "humane" 
societies  give  never  a  thought. 

IX.     SYPHILIS    AXD   AXTIVIVISECTION 

The  importance  of  a  consideration  of  syphilis  in  arriv- 
ing at  any  conclusion  as  to  the  justification  of  animal 
experimentation  has,  I  think,  been  made  sufficiefntly 
clear.  But  a  word  should  be  said  about  the  light  thrown 
on  one  or  two  of  the  stock  objections  to  animal  experi- 
mentation by  a  consideration  of  the  experimental  investi- 
gation of  syphilis. 

It  is  often  asserted  that  research  should  be  so  con- 
trolled and  limited  that  only  those  lines  of  work  could 
be  followed  which  give  reasonable  promise  of  practical 
result;  and  that  the  repetition  of  experiments  solely  for 
the  purpose  of  confirming  the  work  of  others,  should  be 
made  impossible.  This  sounds  like  a  reasonable  sug- 
gestion. Yet  see  how  fatal  such  a  policy  would  have 
been  to  the  development  of  the  knowledge  of  syphilis. 

The  whole  remarkable  success  of  Schaudinn  came  dur- 
ing a  research  undertaken  to  confirm  the  observations 
of  another.  SiegeP^  had  reported  the  constant  finding 
of  an  organism  (Cytorrhyctes  luis)  in  syphilitic  lesions: 
and  the  Imperial  Board  of  Health  of  Berlin  appointed 
Schaudinn — a  highly  trained  protozoologist — to  repeat 
the  work  and  see  if  the  observations  could  be  sub- 
stantiated. Siegel's  findings  were  not  confirmed,  but 
during  the  investigation,  the  real  cause  of  syphilis  was 
unearthed. 

Again,  who  could  possibly  have  prophesied  that  Ehr- 
lieh's  earlv  interest  in  the  chemistry  of  the  dyestuffs 
would  lead  to  contributions  to  the  therapeutics  of  syph- 

ao.   Siegvl  :    Miinchen.  med.  Wchnschr.,  1905,  p.  1321. 
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ills?  If  it  was  to  have  any  valuable  results,  one  would 
have  expected  them  in  the  industrial  arts.  Yet,  starting 
with  chemistry,  he  then  turns  his  attention  to  protozoan 
disease,  fo.unds  the  new  science  of  chemotherapy,  hears 
of  the  work  of  Schaudinn  and  Bertarelli,  becomes  inter- 
ested in  syphilis  and  ends  by  making  an  important  con- 
tribution to. its  therapeutics.  One  is  reminded  of  the 
career  of  Pasteur  who  began  in  physics,  with  the  study 
of  crystallography,  was  lead  into  an  investigation  of  the 
wine  and  silk  industries,  founded  the  science  of  bac- 
teriology and  made  a  contribution  to  therapeutics  of  the 
first  importance. 

Indeed  the  work  of  the  various  students  of  syphilis 
has  been  so  intertwined,  and  the  results  of  one  of  so 
much  value  to  the  others,  that  in  an  account  of  any 
one  research  most  of  the  prominent  names  appear  and 
reappear.  Schaudinn,  Ehrlich,  Metchnikoff  and  Eoux, 
Siegel,  Bertarelli — it  was  the  constant  familiarity  of  eaph 
of  these  with  the  work  of  the  others,  and  the  constant 
attempts  to  confirm  and  advance  the  results  already 
obtained,  that  led  to  the  marvelous  progress  made.  Even 
so  remote  an  event  as  the  discovery  of  the  coal-tars,  years 
before,  by  Perkins,  contributed  to  the  result ;  for  it  made 
not  only  bacteriology,  but  also  chemotherapy  possible. 

It  is  this  interdependence  of  research  and  the  prop- 
ertv  of  discoveries  to  have  the  most  remote  and  unex- 
pected  value  that  makes  restriction  to  experimentation, 
based  on  the  probable  importance  of  its  results,  unwise. 
Those  who  have  become  familiar  with  the  subject  by 
actual  work  in  the  laboratories,  feel  that  to  add  to  the 
already  great  difficulties  of  experimentation,  by  sur- 
rounding it  with  petty  restrictions,  would  be  to  reward 
medicine  for  her  fine  achievements  by  crippling  her,  to 
equip  her  for  future  tasks  by  veiling  her  eyes.  For  it 
must  be  remembered  that  it  is  after  all  to  medicine,  and 
not  to  the  ^^lumane''  societies,  that  the  public  looks  for 
relief  from  disease;  and  when  your  "humane"  legislation 
has  forced  vour  scientist  into  exile  if  he  is  to  con- 
tinue  his  work  of  enlightenment  (this  is  how  Great 
Britain  "encouraged'^  Lister!),  who  is  to  accept  the  high 
responsibility  for  increasing  efficiency  in  the  treatment 
of  disease  demanded  by  the  suffering  patients  who  will 
continue  to  crowd  the  hospitals?  Will  the  ^Tiumane" 
societies,  after  making  it  a  misdemeanor  for  a  scientist 
to  operate  on  an  etherized  dog  without  running  to  them 
for  a  permit,  undertake  to  furnish  us,  in  some  other  way 
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than  by  experimentation,  with  the  sorely  needed  facts 
about  cancer  and  other  unconquered  plagues  ?  Or  should 
this  work  be  entirely  entrusted  to  those  who  have  proved 
their  fitness  by  their  achievements  in  the  study  of 
syphilis  ? 

It  is  high  time  that  some  protest  was  made  against 
the  cowardly  charge  that  animal  experimentation  brutal- 
izes men ;  and  time,  too,  that  those  who  launch  it  ceased 
to  attain  thereby  a  reputation  for  high  moral  sense  in 
the  community.  The  facts  in  the  case  are  readily  acces- 
sible; and  if  the  charge  is  made  in  good  faith,  it  ought 
to  be  backed  by  a  notorious  evidence  of  brutality  in  the 
profession  which  authorizes,  and  is  in  sympathy  with, 
this  ^brutalizing"  work.  But  whatever  else  physicians, 
as  a  class,  are,  brutal-  they  most  decidedly  are  not. 
Medicine  can  point  to  a  group  of  heroes,  not  to  be  sur- 
passed in  any  profession,  who  have  testified  to  the  sin- 
cerity of  their  scientific  zeal  by  offering  their  own  bodies 
as  material  for  experiment ;  and"  until  the  opponent?  of 
animal  investigation  can  match  this,  charges  of  brutality 
come  from  them  with  very  bad  grace  indeed.  Moreover, 
it  is  a  simple  fact  that  the  physicians  of  any  community 
-^devotin^  their  lives  to  the  relief  of  distress — ^maintain 
a  reputation  for  interest  in  others  to  which  the  term 
"brutal"  is  simply  not  applicable;  and  that  in  com- 
munities where  experimentation  is  going  on  it  is  to  those 
interested  in  animal  investigation  that  the  profession 
looks  for  leadership  in  its  far-sighted  campaign  for  the 
health  and  happiness  of  this  and  future  generations. 
The  reputation  of  these  leaders,  so  far  as  brutalitv  is 
concerned,  is  above  reproach.  The  high  standard  of 
Pasteur,  most  kind-hearted  of  men,  most  active  of  experi- 
mentalists— has  been  maintained  bv  his  successors ;  and 
those  who,  in  their  righteous  indignation,  echo  the  out- 
crv  against  experimentation  on  the  ground  of  its  brutal- 
izing effect,  might  better  serve  the  cause  of  righteousness 
by  an  inquiry,  amonsr  the  scientists  in  their  own  com- 
munity, into  the  truth  of  this  serious  accusation. 

If,  however,  this  charge — so  far  from  being  made  in 
good  faith  and  on  the  basis  of  actual  instances  of  brutal- 
ization  of  character  by  experiment — represents,  for  all 
its  odor  of  piety,  merely  an  academic  makeshift  for  the 
purposes  of  debate,  then  one  can  but  marvel  at  the  moral 
standard  of  those  who,  in  their  concern  over  animals, 
permit  themselves  to  make  against  a  profession,  busy 
with  intelligent  philanthropy,  a  charge  so  grave  and  so 
unjust. 
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Epidemic  meningitis,  or,  as  the  disease  is  often  termed, 
cerebrospinal  meningitis,  is  caused  by  a  peculiar  micro- 
organism, DiplococcvrS  intracellularis  or  meningococcus, 
that  gains  entrance  to  the  membranes  surrounding  the 
brain  and  spinal  cord,  where  it  sets  up  an  inflammation 
that  terminates  in  death,  or,  when  life  is  spared,  in  many 
instances,  in  paralysis,  imbecility  or  some  other  serious 
condition.  Epidemic  meningitis,  in  the  past,  had  been 
abhorred  alike  by  the  laity  and  the  medical  profession. 
To  the  one  it  brought  consternation  by  reason  of  its 
apparently  mysterious  onset  as  well  as  its  terrible  effects ; 
and  to  the  other,  distress  because  of  helplessness  in  deal- 
ing with  so  malignant  a  disease.  Now,  happily,  the  situ- 
ation is  wholly  changed.  Mystery  no  longer  attends  the 
appearance  of  the  disease,  and  the  discovery  of  a  specific 
method  of  treatment  has  brought  the  malady  within  the 
power  of  medical  control.  This  revolution  has  been 
accomplished  through  the  discovery  of  the  specific  micro- 
organism or  germ  which  causes  the  disease,^  the  manner 
in  which  this  gei»m  leaves  an  infected  to  enter  a  healthy 
body,^  where  it  sets  up  the  disease,  and,  particularly, 
by  the  discovery,  through  animal  experimentation,  of  a 
curative  product,  the  so-called  antimeningitis  serum.^ 
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It  would  be  a  mistake  to  suppose  that  epidemic  menin- 
gitis prevails  only  in  the  form  of  epidemics,  properly 
speaking.  Indeed,  we  know  that  the  epidemics  represent 
special  manifestations  of  the  disease  and  that  an  isolated 
or  so-called  sporadic  form  of  the  same  disease  constantly 
prevails  in  many  parts  of  the  world.  The  disease  is  kept 
alive  through  these  isolated  cases  and  the  epidemics  arise 
from  them,  as  a  result  of  certain  fortuitous  circum- 
stances, of  which  only  a  part  are  at  present  understood. 

Within  a  decade,  the  epidemics  of  meningitis  have 
becorpe  more  frequent  than  they  were  for  a  period  of  a 
quarter  of  a  century  or  longer  before.  In  the  past,  the 
epidemics  received  the  name  of  "spotted  fever,"  from  the 
circumstance  that  a  hemorrhagic  eruption  of  the  skin 
often  attends  the  disease.  The  discovery  of  the  germ 
cause  of  the  disease  was  made  less  than  a  quarter  of  a 
century  ago,  and  it  has  been  now  demonstrated,  beyond 
all  doubt,  that  this  germ  is  responsible  for  the  epidemic 
as  well  as  for  the  sporadic  cases  of  the  disease.  The 
renewed  intensive  studies  of  meningitis,  with  the  aid  of 
animal  experimentation  and  all  the  laboratory  appli- 
ances produced  by  modern  bacteriology  that  have  char- 
acterized the  period  of  prevalence  of  this  last  epidemic, 
have  shown  the  manner  of  infection  and  thus  have 
pointed  the  way  to  the  application  of  preventive  meas- 
ures, and  have  furnished  as  well  the  specific  and  highly 
effective  therapeutic  weapon  for  its  cure. 

THE  PROBLEM  OF  FINDING  A  CURE 

The  present  era  of  experimental  bacteriology  has  been 
especially  distinguished  by  the  discovery  of  many  of.  the 
intimate  processes  concerned  with  the  facts  of  recovery 
from  and  immunity  to  the  infectious  diseases.  We  are 
now  able  to  define  with  singular  accuracy  the  fa<;tors 
involved  in  these  processes.  They  are  not  identical  in 
respect  to  all  the  infectious  diseases ;  but  differ  according 
as  these  diseases  are  produced  chiefly  by  poisons  elabo- 
rated by  and  liberated  from  the  infecting  microorgan- 
isms, as  in  diphtheria,  or  are  caused  by  poisons  which 
are  intimately  united  with  the  bodies  of  the  infecting 
microorganisms,  as  in  meningitis.  The  manner  in  which 
diphtheria  has  been  conquered  by  means  of  antitoxin  is 
now  so  well  known,  and  the  factors  involved  have  been 
so  often  and  clearly  presented  that  they  need  not  be 
rehearsed  here.     The  problem,  however,  of  securing  an 


eflBcient  antiserum  to  be  used  in  combating  the  diseases 
produced  by  the  second  class  of  bacteria  and  their 
poisons  is  far  more  difficult  and,  up  to  the  present  time, 
has  been  solved  only  in  small  part.  Nevertheless,  and  in 
spite  of  many  baffling  circumstances,  the  only  means  at 
this  time  approachable  was  in  connection  with  the  pro- 
duction of  an  antidotal  serum.  It  should  be  mentioned 
here  that  the  most  perfect  therapeutic  agents  which  can 
be  produced  or  even  imagined  are  the  antiserums.  This 
follows  from  the  fact  that  they  are  strictly  specific 
agents  which  act  only  on  the  parasites,  in  this  case  the 
bacteria  or  their  products,  for  which  they  are  prepared, 
and  are  practically  without  action  on  the  body  cells.  N^o 
chemical  medicaments  are  specific  in  the  sense  in  which 
the  antiserums  are ;  but  the  most  perfect  chemical  agents 
act  both  on  the  parasites  to  which  they  are  applied,  as 
in  malaria,  syphilis,  etc.,  and  on  the  body  or  organic 
cells.  Their  use,  therefore,  is  attended  either  with  a 
certain  amount  of  inconvenience  or  even  danger,  while 
the  use  of  the  antisera  is  attended  almost  without  incon- 
venience or  danger. 

In  the  production  and  application  of  the  antiserums 
we  are  imitating  Nature's  metiiod  of  destroying  bacteria 
within  the  infected  body  that  she  always  uses  in  over- 
coming the  infectious  diseases,  which  pass  to  favorable 
termination.  Until  the  introduction  of  specific  serum 
treatment,  it  is  doubtful  whether  any  of  the  therapeutic 
agents  employed  in  their  treatment  affected,  in  any 
essential  way,  the  course  of  the  bacterial  diseases.  In- 
deed, what  has  characterized  the  bacterial  infectious  dis- 
eases, up  to  the  present  time,  has  been  their  self-limita- 
tion so-called.  This  self -limitation  is  determined  by  the 
development,  in  the  body  of  the  infected  human  being 
or  animal,  of  the  very  antidotal  substances  which,  in  our 
antiserums,  we  are  endeavoring  to  procure  through  ani- 
mal experimentation.  Once  haying  been  procured,  they 
can  be  used  to  bring  about  an  artificial  and  premature 
termination  of  an  infectious  disease,  since  their  intro- 
duction into  the  body  anticipates  their  natural  formation 
there,  and,  in  many  cases,  supplies  them  under  condi- 
tions in  which  their  natural  formation  would  be  inade- 
quate or  fail  entirely  to  take  place.  The  transformation 
which  has  been  effected  in  the  character  and  fatality  of 
diphtheria  depends  on  the  substitution  of  ready-made 
antidotal  substances  of  the  nature  of  antitoxin  that, 


ordinarily,  the  infected  body  must  endeavor  to  produce. 
Fortunately,  the  success  achieved  in  the  antitoxin  treat- 
ment of  diphtheria  has  now  been  repeated  in  the  serum 
treatment  of  epidemic  meniifgitis. 

■ 

HOW   THE   PROBLEM   OF   FINDING   A   CURE   FOR   EPIDEMIC 

MENINGITIS    WAS    SOLVED 

It  cannot  be  regarded  as  remarkable,  in  view  of  the 
appalling  mortality  and  the  severe  consequences  of  the 
disease,  and  of  the  absence  of  all  really  efficient  means 
of  combating  it,  that  an  effort  should  have  been  made  to 
influence  its  course  by  means  of  an  antiserum.  At  the 
present  state  of  our  knowledge  concerning  the  immuni- 
zation of  animals  with  bacteria,  it  could  be  predicted 
that  the  employment  of  cultures  of  Diplococcus  intraceU 
lularis  for  immunization  purposes  would  lead  to  the 
development  of  an  antiserum  of  some  degree  of  potency, 
but  whether  this  antiserum  would  prove  of  any  value  in 
the  treatment  of  epidemic  meningitis  in  human  beings 
obviouslv  could  not  be  foreseen. 

In  carrying  into  practice  the  idea,  of  the  employment 
of  an  antiserum,  two  metiiods  of  proceeding  were  avail- 
able. The  antiserum  could  be  produced  and  then  applied 
empirically  in  the  treatment  of  the  disease,  or  an  experi- 
mental basis  might  first  be  sought,  on  whiqh  the  employ- 
ment of  the  antiserum  in  man  might  ultimately  come  to 
be  based.  The  first,  or  empirical  method,  as  a  matter  of 
fact,  was  followed  to  a  large  extent  in  Germany,'  while 
the  second,  or  experimental  method,  was  employed  in 
the  United  States.^  How  important  this  difference  came 
to  be  is  indicated  by  the  fact  that  the  early  results  of 
the  serum  treatment  of  epidemic  meningitis  as  reported 
from  Germany,  where  the  serum  was  employed  chiefly 
by  subcutaneous  injection,  were  so  unsatisfactory  and 
unpromising  that  it  is  not  likely  that  the  serum  would 
have  come  tO\  be  generally  employed  with  confidence  f 
while,  on  the  other  hand,  the  experimental  establishment 
of  the  value  of  the  antiserum  in  controlling  experi- 
mental meningitis  produced  in  monkeys,  ^hen  the  serum 
was  injected  directly  into  the  membranes  surrounding 
the  brain  and  spinal  cord,  as  was  done  in  America  by 
Flexner,^  supplied  the  actual  basis  on  which  the  success- 
ful serum  treatment  of  epidemic  meningitis  in  man  has 
come  to  rest. 


It  is  desirable  here  to  recall  that  the  injection  of 
living  cultures  ,of  Diplococcus  intracellularis  into  the 
serous  cavities  of  small  animals,  such  as  mice,  guinea- 
pigs,  and  rabbits,  leads  to  an  intoxication  and  rarely  to 
an  ihfection  causing  their  death.^  The  experimental 
effects  thus  produced  are  highly  dissimilar  to  the  lesions 
present  in  the  natural  disease  in  man.  As  a  conse- 
quence, the  mere  combating  of  this  experimental  disease 
by  means  of  an  antiserum  could  not  afford  an  adequate 
support  for  the  employment  of  the  antiserum  in  man. 
Early  in  his  experiments,  Dr.  Flexner  found  it  possible 
to  produce  in  certain  species  of  lower  monkeys,  among 
which  Macacus  rhesus  was  shown  to  be  well  adapted,  an 
acute  inflammation  of  the  meninges,  or  meningitis,  by 
the  direct  injection  of  active  cultures  into  the  subdural 
space  of  the  spinal  cord,  after  which  there  develop  the 
lesions  and  sometimes  the  symptoms  corresponding  to 
those  present  in  the  natural  disease  in  man  (Flexner*). 
This  being  trjie,  it  is  a  fair  assumption  that  if  the  anti- 
serum is  capable  of  controlling  such  an  infection,  its 
favorable  action  in  the  natural  disease  in  man  might  be 
fairly  predicted.  This  fact  became  an  important  basis 
for  the  employment  of  the  antimeningitis  serum  in  the 
natural  infection  with  Diplococcus  intracellularis,  con- 
stituting epidemic  meningitis  in  human  beings. 

In  working  out  the  properties  of  the  antimeningitis 
serum,  experimentally  produced,  the  import anjt  fact  was 
discovered  that  the  serum  possesses  both  direjct  and 
indirect  power  of  destroying  the  meningococci.  In  com- 
mon with  normal  serum,  but  in  a  far  greater  degree,  it 
exercises  direct  bactericidal  effect  on  cultures  of  the 
meningococcus.  This  influence  depends  in  considerable 
part  on  the  degree  of  concentration  in  which  the  serum 
meets  the  bacteria.  Weak  dilutions  of  the  serum  exercise 
little  or  no  effect,  while  strong  concentrations  have  a 
marked  injurious  action.  Now,  this  necessary  degree  of 
concentration  of  the  serum  at  the  site  of  multiplication 
of  the  diplococci  can  fortunately  be  secured  by  injecting 
the  curative  agent  directly  into  the  membranes  about 
the  spinal  cord  and  brain  through  so-called  lumbar 
puncture,  in  which  a  needle  is  introduced  directly  into 
the  spinal  canal.  The  serum  thus  introduced  needs  to 
be  applied  to  the  site  of  the  inflammation  in  a  state  of 
strong  concentration.    If  the  serum  be  injected  beneath 
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the  skin  or  into  the  blood  with  a  view  of  having  it 
carried  to  the  site  of  the  disease,  it  suffers,  first,  an 
enormous  dilution,  and,  secondly,  fails  to  reach  the  site 
of-  inflammation  in  any  considerable  amount,  for  the 
reason  that  substances  contained  within  the  blood  are 
eliminated  very  imperfectly  into  the  cerebrospinal  fluid.* 
As  already  pointed  out,  the  mistake  made  by  the  German 
school  followed  on  a  lack  of  clear  understanding  of  the 
essential  principles  underlying  the  action  of  the  anti- 
serum, which  they  failed  to  perceive  because  their 
employment  of  the  serum  was  empirical,  while,  in 
America,  the  employment  was  based  directly  on  the  facts 
brought  out  by  animal  experimentation. 

There  is  another  point  which  should  not  be  overlooked 
in  considering  the  problem  with  which  experimenters 
were  confronted  in  the  production  of  a  curative  anti- 
meningitis  serum.  Once  it  was  established  not  only 
that  such  a  serum  could  be  produced  in  animals,  but 
also  that  it  was  capable  of  modifying  favorably  the 
course  of  experimental  meningitis  in  monkeys,  it  became 
imperative  to  ascertain  whether  the  serum  injected  into 
the  membranes  of  the  central  nervous  system  exercised 
any  injurious  action  on  the  adjacent  sensitive  nerve 
structures  themselves.  It  would  have  been  a  hazardous 
undertaking  to  have  begun  the  injection  by  lumbar 
puncture  ©f  the  antiserum  into  human  beings,  had  it 
not  been  proved  that  repeated  injections  carried  out  in 
animals-  were  without  injurious  effect.  This  fact  was 
established  by  the  successful  treatment  of  experimental 
meningitis  in  the  monkey  by  means  of  the  antiserum, 
for  the  injections  into  the  membranes  arrested  the 
inflammatory  processes  and  destroyed  the  diplococci,  so 
that  the  animals  quickly  returned  to  a  normal  condition, 
while  no  perceptible  injurious  effect  resulted  from  the 
serum  itself. 

At  this  point,  a  strictly  experimental  basis  had  been 
secured  for  the  employment  in  human  beings  of  an  anti- 
serum in  the  treatment  of  epidemic  meningitis.  There 
remained  to  be  determined,  however,  whether  this  anti- 
serum was  capable  of  being  produced  on  a  sufficiently 
large  scale  to  make  it  available  for  the  treatment  of 
human  beings  during  the  prevalence  of  epidemics  of  the 
disease.     The  earlier  experimental  work  was  carried  on 
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with  small  animals,  but  it  became  necessary  now  to  turn 
to  larger  animals  for  the  purpose  of  producing  adequate 
supplies  of  the  serum.  The  horse  was  the  animal  chosen, 
for  the  reason  that  its  serum  is  in  itself  practically 
innocuous  when  injected  into  human  beings,  and  because 
it  yields  a  large  amount  of  blood  readily.  It  was  quickly 
ascertained  that  the  horse  was  subject  to .  immunization 
with  cultures  of  Diplococcus  intracellularis  and  would, 
through  successive  inoculations  and  after  a  time,  yield 
an  antiserum  of  high  potency.  The  method  of  prepara- 
tion of  the  antiserum  consists  in  the  injection  alternately 
of  cultures  of  Diplococcus  intracellularis  and  an  extract 
soluble  in  water  prepared  from  the  cultures.  The  ani- 
mals are,  at  the  beginning  of  the  treatment,  highly  sus- 
ceptible to  the  effects  of  the  injection  of  the  diplococcus, 
so  that  it  has  been  found  well  to  employ,  first,  cultures 
which  have  been  killed  by  heat  at  60  C.,  and,  later,  when 
the  animal  has  adapted  itself^ to  the  injections  and 
developed  resistance,  to  resort  t(f  the  living  bacteria.  In 
order  to  secure  a  serum  rich  in  the  curative  or  the  so- 
called  immunity  principles,  it  was  found  advisable  to 
continue  the  process  of  immunization  from  four  to  six 
months  before  collecting  serum  for  therapeutic  use.  The 
precise  period  at  which  the  collection  of  the  serum  can 
be  begun  will  depend  on  the  rapidity  with  which  the 
immunity  principles  are  developed.  This  is  determined 
by  the  test  known  as  the  standardization  of  the  serum.^ 
The  antimeningitis  serum,  being  of  the  general  nature 
of  an  antiendotoxic  serum,  is  not  subject  to  standardiza- 
tion according  to  the  methods  in  use  for  the  antitoxic 
serums,  among  which  are  diphtheria  and  tetanus  anti- 
toxin. While  the  antimeningitis  serum  possesses  a  cer- 
tain power  of  neutralization  of  toxins,  or  a  certain  degree 
of  antitoxic  strength,  this  strength  is  not  a  correct  meas- 
ure of  its  therapeutic  value,  since  it  does  not  take 
account  of  other  and  more  important  immunity  prin- 
ciples contained  within  the  serum.  Among  these  latter 
immunity  principles  is  one  of  high  importance,  namely, 
the  opsonins,  or  bacteriotropins  so-called,  the  action  of 
which  is  to  prepare  the  diplococci  for  inclusion  within 
leukocytes,  where  they  are  readily  destroyed.  These 
opsonins  are  also  capable  of  being  used  as  a  measure  of 
the  therapeutic  activity  of  the  serum,  although  the  whole 
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virtue  is  not  supposed  to  reside  in  them.  At  present, 
the  standard  of  value  of  the  serum  is  determined  by  the 
amount  of  opsonins  present. 

If  we  undertake  to  summarize  the  manner  of  action 
of  the  antimeningitis  serum  in  combating  epidemic  men- 
ingitis, we  may  say  (a)  that  it  possesses  the  power  of 
acting  directly  on,  and  inhibiting  the  growth  of,  or  of 
destroying  outright,  the  meningococcus;  (b)  that  it 
possesses  the  property  of  increasing  phagocytosis  and 
promoting  intracellular  digestion  of  the  diplococcus, 
through  which  the  latter  is  at  the  same  time  detoxicated; 
and  (c)  that  it  exerts  a  certain  neutralizing  action  on 
the  soluble  toxic  products  set  free  by  the  growth  and  by 
the  disintegration  of  the  meningococci  (Flexner^). 

THE    TREATMENT    OF    EPIDEMIC    MEXIXGITIS    IN    HUMAN 

BEINGS   WITH   THE   SERUM 

The  antiserum  had  naw  been  perfected.  It  had  also 
been  employed  to  cure  experimental  meningitis  in  mon- 
keys. It  had  proved  to  be  free  of  injurious  effects  when 
injected  directly  into  the  spinal  canal  of  these  animals. 
The  question  that  now  pressed  was.  Would  it  succeed  in 
curing  epidemic  meningitis  in  human  beings,  and  could 
it  be  injected  with  safety  into  the  spinal  canal  of  man? 

The  first  opportunity  to  test  the  antimeningitis  serum 
in  human  beings  in  the  United  States  occurred  in  April, 
1907.  The  publication  of  the  effects  of  the  serum  in 
controlling  experimental  meningitis  in  monkeys  led  Dr. 
Crile,^  of  Cleveland,  to  bring  to  the  attention  of  Dr. 
Flexner  the  fact  of  the  prevalence  of  an  epidemic  of 
meningitis  in  the  village  of  Castalia,  Ohio.  This  epi- 
demic, which  was  followed  later  by  other  epidemics  of 
the  disease  elsewhere  in  Ohio,  supplied  the  first  oppor- 
tunity to  test  the  serum  on  human  beings.  The  serum 
was  first  entrusted  to  Dr.  L.  W.  Ladd,^  of  Cleveland,  who 
proceeded  to  Castalia  and  made  the  first  injections  of 
the  serum.  Since  the  experiment  now  tm  be  performed 
was  of  such  significance,  it  assumed  a  dramatic  char- 
acter. To  give  some  indication  of  the  circumstances 
under  which  the  serum  was  first  applied  in  human 
beings,  it  should  be  stated  that  the  village  of  Castalia 
has  a  population  of  about  600  persons,  and  that  there 
developed  there  and  in  the  country  adjacent  eighteen 
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recognized  cases  of  epidemic  meningitis  between  Jan- 
uary and  April,  1907.  Eleven  of  the  eighteen  cases  were 
in  adults  and  seven  in  children.  Among  the  eighteen 
cases,  there  were  twelve  deaths  and  six  recoveries. 
Among  the  latter,  there  were  three  recoveries  without 
serum  treatment.  In  all,  three  cases  only  were  injected 
with  the  serum  and  all  recovered.  The  serum  was 
brought  to  Castalia  in  the  early  part  of  April  at  about 
the  time  that  the  epidemic  was  abating  and  new  cases 
ceasing  to  arise.  No  conclusion,  beyond  the  one  that  the 
injection  of  the  serum  into  the  spinal  canal  was  itself 
not  a  source  of  danger  in  human  beings,  could  be  drawn 
from  this,  small  experience. 

Epidemic  meningitis  appeared  at  Akron,  Ohio,  in 
April,  1907,^  and  embraced  about  twenty  cases.  Of  these 
twenty  cases,  in  nine  the  serum  was  not  administered, 
either  because  they  occurred  before  the  antiserum  was 
brought  to  Akron,  or  for  other  reasons.  Among  these 
nine  cases,  there  was  a  single  recovery.  In  contrast  to 
this  appalling  result  is  the  fact  that  in  eleven  cases  of 
the  disease,  established  as  such  by  symptoms  and  bac- 
teriologic  examination,  and  treated  with  the  antiserum, 
eight  patients  recovered  and  only  three  died.  The  epi- 
demic continued  to  extend  in  Ohio,  and  appeared  at 
Cleveland  and  then  at  still  other  points,  so  that  now  the 
serum  began  to  be  applied  immediately  as  the  disease 
arose.  In  each  locality,  however,  certain  cases  were  not 
subjected  to  the  serum  treatment  and,  therefore,  could 
be  compared  as  controls  with  the  cases  which  were  treated 
with  the  serum.  On  the  whole,  the  results  were  consist- 
ent. Without  exception,  more  patients  recovered  under 
the  influence  of  the  serum  treatment  than  without  it. 

The  testimony  of  physicians  very  early  was  to  the 
effect  that  the  antiserum  not  onlv  reduced  the  mortalitv, 
but  that  it  exercised  a  highly  favorable  influence  on  the 
symptoms,  course,  manner  of  termination,  and  liability 
to  relapse,  of  the  disease.  Besides  the  obvious  effects  on 
the  clinical  course  of  the  disease,  the  serum  also  produces 
a  marked  and  readily  demonstrable  beneficial  influence 
on  the  inflammation  existing  in  the  membranes  of  the 
spinal  cord  and  brain.  It  has  now  been  shown  that  very 
soon  after  the  intraspinal  injection  of  the  serum,  the 
meningococci  tend  to  be  reduced  in  number  in  the 
inflammatory  exudate,  to  disappear  from  its  fluid  parts, 
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to  be  taken  up  partly  or  wholly  by  leukocytes,  and  to 
undergo  disintegration.  One  of  the  striking  effects  of 
the  serum  injections  is  to  so  injure  the  meningococci 
that  their  cultivation  outside  the  body  is  rendered  diffi- 
cult or  impossible.  Along  with  the  destructive  action  of 
the  antiserum  on  the  meningococci  go  certain  favorable 
changes  in  the  inflammatory  exudate  through  which  it 
loses  turbidity  and  tends  to  become  clear.  Closely  asso- 
ciated with  the  loss  of  leukocytes  by  the  cerebrospinal 
exudate,  which  attends  its  return  to  a  limpid  condition, 
is  the  reduction  in  the  number  of  the  general  leukocytes 
of  the  blood,  which,  in  favorable  cases  going  on  to  recov- 
ery, fall  rapidly  and  even  critically  in  number. (Flexner 
and  Jobling^). 

Dr.  Flexner  and  his  associate,  Dr.  Jobling,  who  gath- 
ered the  first  considerable  list  of  cases  treated  with  the 
serum,  believed  th^  their  first  publication,  which  in- 
cluded reports  of  about  one  hundred  cases,  was  based  on 
too  small  a  number  to  justify  any  final  deduction  as  to 
the  value  of  the  serum.  Epidemio  meningitis,  in  the 
meantime,  continued  to  invade  new  territory  in  the 
United  States,  and  to  prevail  in  various  localities  abroad, 
so  that  additional  data  were  being  constantly  secured 
concerning  the  action  of  the  serum. 

I  will  select  a  highly  interesting  and  important 
example,  which  will  serve  to  bring  out  the  striking 
effects  of  the  serum.  Epidemic  meningitis  had  begun  to 
prevail  severely  in  Ireland  in  1907.  One  of  the  worst 
centers  of  the  epidemic  was  Belfast,  where  a  large  num- 
ber of  patients  with  the  disease  came  under  the  care  of 
Dr.  Eobb,^  who  was  tlie  physician  in  charge  of  the  im- 
portant fever  hospitals.  His  report  on  the  disease  states 
that  in  the  first  eight  months  of  1907,  255  patients  were 
admitted  to  the  hospital,  among  whom  the  mortality 
was  72  per  cent.  Within  the  last  three  months  of  this 
period,  45  patients  were  admitted,  and  this  group  showed 
a  mortality  of  82  per  cent.  In  September  of  that  year, 
the  use  of  the  antiserum,  which  had  been  obtained  from 
the  Eockefeller  Institute,  was  begun.  The  first  report 
deals  with  thirty  patients  treated  in  hospital  with  the 
serum,  of  whom  twenty-two  recovered  and  eight  died, 
giving  a  mortality  of  26  per  cent.  In  the  precise  cor- 
responding period,  thirty-four  patients  were  treated  out- 
side of  hospital  and  received  no  serum,  among  whom. 
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the  mortality  was  85  per  cent.  The  marked  reduction 
in  the  mortality  is  not  the  only  effect  which  Dr.  Eobb 
attributes  to  the  serum.  He  points  out  that  the  clinical 
course  of  the  disease  is  profoundly  modified,  and  that  in 
the  patients  treated  with  the  serum,  the  period  of  illness 
is  reduced,  the  long  chronic  course  is  practically  elimi- 
nated, and  the  serious  permanent  consequences  are 
greatly  diminished.  The  highly  favorable  effects  of  the 
serum,  which  Eobb  emphasizes,  constituted  by  no  means 
a  unique  experience.  The  earliest  observers  in  this 
country,  and  notably  Chase  and  Hunt  and  Dunn/®  dwelt 
on  practically  the  same  points.  In  the  large  number  of 
reports  which  have  appeared  in  print  in  the  meantime  a 
virtual  corroboration  of  these  early  favorable  observa- 
tions has  been  presented. 

THE  EFFECT  OF  THE  SERUM  TREATMENT  ON  MORTALITY 

« 

STATISTICS 

Let  us  consider  the  influence  of  the  serum  treatment 
of  epidemic  cerebrospinal  meningitis  on  the  mortality 
of  the  disease  as  indicated  by  a  statistical  computation. 
In  order  to  arrive  at  statistics  which  are  strictlv  reliable, 
it  is  necessary  to  take  into  account  only  the  cases  in 
which  the  diagnosis  has  been  established  beyond  perad- 
venture.  The  establishment  of  the  diagnosis  is  based 
partly  on  the  clinical  symptoms,  but  chiefly  on  the  bac- 
teriologic  examination  of  the  fluid  removed  by  lumbar 
puncture  from  the  cerebrospinal  canal.  Ultimately,  the 
bacteriologic  diagnosis  is  the  more  important,  for  the 
reason  that,  as  we  now  know,  other  types  of  infectious 
meningitis  may  arise  occasionally  in  the  course  of  the 
epidemic  disease,  and  the  two  are  subject  to  confusion.^^ 
Moreover,  when  the  clinical  symptoms  are  alone  utilized 
as  a  basis  of  diagnosis,  there  is  always  the  possibility  of 
confusing  diseases  not  strictly  due  to  inflammation  of 
the  meninges  with  epidemic  meningitis. 

In  recognition  of  these  possible  sources  of  error,  Flex- 
ner  and  Jobling^  collated  the  reports  of  the  disease  from 
many  different  sources  in  America  and  Europe,  basing 
their  figures  on  cases  in  which  the  bacteriologic  diag- 
nosis was  established.  They  found  that  the  ;rnortality 
reached  by  the  disease  during  the  height  of  the  epi- 
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demies  in  the  United  States,  Great  Britain  and  Ger- 
many, was  fairly  the  same  and  approximated  75  per 
cent.  It  is  interesting  in  this  connection  to  learn  that 
the  moiigflity  of  the  sporadic  fonn  of  the  disease,  as  it 
has  prevailed  for  the  last  few  years  in  the  United  States, 
has  not  been  considerably  below  75  per  cent.,  and  it  has 
sometimes  been  higher.  If  we  consider  the  extremes  of 
mortality  occurring  in  non-serum-treated  cases  of  cere- 
brospinal meningitis,  proved  to  be  caused  by  the  men- 
ingococcus, we  shall  find  that  the  figures  range  from 
about  68  per  cent,  to  about  91  per  cent.  In  his  latest 
publication,  Flexner^  has  subjected  to  analysis  712  cases 
of  bacteriologically  proved  epidemic  meningitis,  in  which 
the  serum  had  been  employed.  This  series  of  cases 
included  all  ages  and  periods  of  life,  from  infants  a  few 
weeks  old  to  adults  of  advanced  years.  The  collection 
has  been  made  from  a  wide  area,  including  the  United 
States,  Canada,  Great  Britain  and  France,  so  that  it 
covers  a  wide  variety  of  cases  of  the  disease  treated  by 
practitioners  generally,  some  of  whom  had  had  no  pre- 
vious experience  with  the  use  of  the  serum,  and  others 
who  had  used  it  in  several  scores  of  cases.  Moreover, 
the  serum  had  been  applied  at  all  stages  in  the  course 
of  the  disease,  namely,  very  early  and  very  late  after 
the  appearance  of  the  symptoms,  and  even  toward  the 
end  of  chronic  cases.  Consequently,  in  considering  the 
value  of  the  serum,  it  is  desirable  to  take  into  account 
not  only  the  gross  mortality,  but  also  the  mortality  as 
calculated  according  to  the  ages  of  the  patients  and  the 
period  of  the  disease  at  its  first  application.  Epidemic 
meningitis  is  not  equally  fatal  at  all  periods  of  life. 
Thus,  in  the  very  young  the  mortality  tends  to  be  very 
high,  and  in  infants  approximates  90  per  cent,  to  100 
per  cent.  The  disease  is  less  fatal  in  older  children  and 
in  young  adults. 

The  712  cases,  the  subject  of  statistical  analysis,  had 
the  one  fact  in  common,  namely,  that  the  patients  were 
treated  with  the  antiserum  prepared  at  the  Eockefeller 
Institute.  As  I  shall  point  out  a  little  later,  the  anti- 
mening:tis  serum  has  been  prepared  elsewhere,  very 
early  in  Germany,  and  later  in  France.  We  shall  have 
to  consider  to  what  extent  the  results  obtained  with  the 
serum  prepared  at  the  Rockefeller  Institute  in  Xew 
York  have  been  confirmed  by  the  use  of  similar  serums 
produced  elsewhere. 
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In  the  712  cases  analyzed,  488  patients  recovered  and 
224  died,  giving  a  gross  mortality  of  31.4  per  cent.  If 
we  consider  the  important  age  groups,  as  they  are  known 
to  affect  the  mortality,  we  shall  find  that  among  children 
from  one  to  two  years  of  age,  of  whom  104  cases  were 
included  in  the  tabulation,  the  mortality  was  42.3  per 
cent.  This  figure  represents  an  obvious  great  reduction, 
since,  as  has  been  stated,  epidemic  meningitis  among 
infants  of  such  tender  ages  has  terminated  fatally  in  the 
past  almost  invariably.  Of  the  age  groups  between  2 
and  15  years,  there  wexe  326  cases  included  in  the  tabu- 
lation, among  which  the  mortality  was  23.4  per  cent. 
After  the  fifteenth  year,  the  mortality,  as  represented  by 
the  tabulation,  rises  and  exceeds  30  per  cent.  It  would 
seem,  therefore,  that  the  most  favorable  period  for  the 
action  of  the  serum,  qr  for  the  favorable  progress  of  the 
disease,  is  a  certain  middle  period  between  infancy  and 
adult  life;  but  this  immediate  deduction  is  not  justified 
for  the  reason  that  other  factors  must  obviously  be  con- 
sidered, such  as  the  period  of  the  disease  at  which  the 
serum  treatment  was  begun  and  the  degree  of  effective- 
ness in  the  use  of  the  serum  which  experience  supplies. 

Let  us  consider  what  the  figures  become  when  we 
analyze  the  712  cases  mentioned,  according  to  whether 
the  treatment  with  the  serum  was  begun  early  or  late  in 
the  course  of  the  disease.  We  may  choose,  arbitrarily, 
as  periods  the  first  three  days,  the  second  three  days 
and,  then,  any  time  later  than  the  latter.  Analyzed  in 
this  way,  it  found  that  180  patients  were  injected  with 
the  serum  within  the  first  three  days  of  illness,  according 
to  the  clinical  histories  supplied,  among  whom  the  mor- 
tality was  25.3  per  cent.  In  the  second  period,  which 
extended  from  the  fourth  to  the  seventh  day  of  the  ill- 
ness, shown  by  the  clinical  signs,  179  patients  were 
injected,  in  whom  the  gross  mortality  was  27.8  per  cent. 
Now,  129  patients  were  injected  later  than  the  seventh 
day  of  the  disease,  among  whom  the  mortality  rose  to 
42.1  per  cent.  These  total  figures  indicate  unmistakably 
that  early  serum  injections  are  more  effective  than  the 
later  ones,  which  fact  has  an  important  bearing  on  our 
conclusions  concerning  the  value  of  the  serum.  More- 
over, if  we  should  pick  out  one  or  two  especially  striking 
examples  from  the  tabulation,  the  results  become  even 
more  impressive.  For  example,  seventeen  children  rang- 
ing in  age  from  a  few  weeks  to  2  years  were  injected 
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with  the  serum  in  the  first  three  days  of  illness,  of  whom 
only  a  single  one  died  and  sixteen  recovered.  This  result 
is  altogether  extraordinary,  when  it  is  considered  that  in 
this  period  of  life  the  ysual  mortality  of  the  disease 
approaches  100  per  cent.  It  is  not  probable  that  such  a 
favorable  result  can  be  generally  achieved,  but  that  it 
could  be  achieved  at  all  is  a  fact  not  without  profound 
significance. 

It  was  mentioned  that  the  tabulation  showed  that  in 
the  age  period  beyond  twenty  years  the  mortality  was 
higher  than  at  the  earlier  peripds.  It  is  desirable  to 
ascertain,  therefore,  whether  adults  really  are,  as  would 
appear  to  be  the  case,  less  resistant  to  tiie  infection  or 
less  subject  to  the  action  of  the  serum  than  younger 
individuals.  Some  light  is  shed  on  this  question  by  the 
examination  of  the  results  of  the  serum  treatment  among 
adults,  observed  by  those  whose  experience  with  the 
serum  has  been  great  enough  to  make  it  probable  that 
they  would  obtain  the  maximum  advantages  which  its 
use  affords.  The  reports  of  such  experienced  observers 
as  Ladd,  Dunn,  Sladen  and  Fulton^ ^  in  the  United 
States,  Eobb  of  Belfast,  and  N'etter^^  of  Paris,  go  to 
show  that  adults  are  not  less  subject  to  the  curative 
action  of  the  serum  than  are  younger  persons.  Among 
the  712  cases  are  records  of  sixty  cases  occurring  among 
aduHs  and  treated  with  the  serum  by  these  experienced 
physicians  that,  for  all  periods  of  the  disease,  show  a 
gross  mortality  of  30  per  cent.  The  largest  single  series 
of  patients  of  this  age  period  was  treated  by  Robb.  It 
embraced  twenty-four  cases,  in  which  only  four  patients 
died,  giving  a  mortality  of  17  per  cent. 

We  have  now  considered  the  effects  of  the  antiserum 
on  the  mortality  of  epidemic  meningitis,  as  shown  by 
the  figures  compiled  on  the  basis  of  the  employment  of 
the  serum  prepared  at  the  Rockefeller  Institute.  The 
question  should  now  be  asked  whether  these  figures  are 
supported  by  results  obtained  with  a  serum  produced 
elsewhere.  \Ye  are  fortunately  in  a  position  to  answer 
this  question  directly.  An  antimeningitis  serum  was 
early  produced  in  Germany  at  the  Institute  for  Infec- 
tious Diseases  by  Kolle  and  Wassermann.    It  was  first 

12.  For  American  and  foreign  bibliography  consult  Flexner, 
Internat.  Clin.,  1900,  Iv,  series  19 ;  also  Schepelmann,  Wien.  klin. 
Wchnschr.,  1911,  xxiv,  118. 

13.  Netter :  Bull,  de  I'Acad.  de  raed.,  stance  du  27,  1909 ;  idem, 
Assoc.   FrangaJse  de  pediatric,   1910. 
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employed  by  subcutaneous  injection,  but  without  favor- 
able action.  Then,  after  Flexner's  demonstration,  it 
came  to  be  employed  by  subdural  injection  and  with 
results  in  every  way  comparable  to  those  reported  by 
American  observers. 

We  may  confine  our  detailed  examination  to  one  pub- 
lication emanating  from  Germany,  namely,  that  of  Levy 
of  Essen.^*  In  respect  to  the  general  results  obtained  in 
Germany,  we  will  presently  refer  to  a  table  that  will 
exhibit  them.  Levy's  results  are  based  on  the  treatment 
of  forty-one  cases,  bacteriologically  diagnosed,  with  the 
antiserum,  among  which  the  mortality  was  14.6  per  cent.. 
There  remained  forty-nine  cases  not  treated  with  the 
serum,  which  may  be  regarded  as  controls,  since  they 
arose  at  the  same  period,  among  which  the  mortality  was 
61.4  per  cent.  The  general  mortality  of  the  disease  in 
and  about  Essen,  exclusive  of  the  serum-treated  patients, 
calculated  for  the  entire  period  of  the  epidemic, 
approached  70  per  cent. 

Meningitis  became  epidemic  in  France  at  a  later  date 
than  in  America,  Great  Britain  and  Germany;  and  thus 
it  happened  that  the  first  serum  to  be  employed  there 
'was  prepared  at  the  Eockefeller  Institute.  Somewhat 
later,  the  serum  prepared  by  Dopter^^  at  the  Pasteur 
Institute  became  available  and  seems  to  have  had  wide 
employment.  Dopter  has  reported  the  results  secured 
in  196  patients  in  whom  his  preparation  of  serum  was 
administered.  The  deaths  numbered  thirtv-one.  which 
gives  a  mortality  of  15.86  per  cent.,  a  remarkably  low 
figure.  Among  the  thirty-one  cases  there  were  10 
patients,  who,  at  the  time  of  first  injection,  were  mori- 
bund, surviving  the  injection  only  a  few  hours. 

In  a  later  report,  Dopter  assembled  reports  of  402 
cases  of  epidemic  meningitis  treated  in  France  with  the 
antiserum,  partly  prepared  by  him  and  partly  obtained 
from  America.  The  number  of  deaths  was  66  and, 
hence,  the  gross  mortality  was  only  16.44  per  cent. 
During  the  same  period,  the  mortality  was  65  per  cent, 
among  patients  not  treated  with  the  serum.  The  differ- 
ence is  so  great  that  it  carries  its  own  meaning,  especially 
when  it  is  stated  that  the  402  cases  include  patients  of 
all  ages  treated  at  the  various  stages  of  the  disease. 

14.  Levy :  KUn.  Jahrbuch,  1907-08,  xviii,  317.  Hohn :  Idem, 
1908,  p.  357. 

15.  Dopter :    Ann.  de  I'lnst.  Pasteur,  1910,  xxlv,  96. 
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I  wish  now  to  reproduce  a  tabulation  (Table  1)  com- 
piled by  Flexner,^  which  exhibits  the  prevailing  mor- 
tality of  epidemic  meningitis  in  America,  Great  Britain, 
Germany  and  France,  according  as  the  patients  were  or 
were  not  treated  with  the  antimeningitis  serum.  The 
table  has  not  been  brought  up  to  date,  so  that  it  does  not 
include  th«  latest  American  and  Parisian  figures.  But 
it  still  suffices  to  impress  its  lesson. 

TABLE  1.— REPORTED  SERIES  OF  PATIENTS  TREATED  WITH 

THE   ANTIMENINGITIS   SERUM   AND   THE   MORTALITY 

AMONG     NON-SERUM-THEATED     PATIENTS 

Per  Cent. 
Number  of      Per     of  Mortality  of 
Serum-Treated  Cent.    Patients  Non- 
By  Whom  Reported.  Patients.  Mortality.  Serum  Ti'eated. 

AMERICA 

Dunn  *     40  22.5  70 

Chase    and    Hunt* 12  25  90 

Sladen  *     23  18  64 

Fulton  * 22  31  78.4 

Kopllk  *    15  13.3  60 

Ladd  *    31  35.5  ? 

Morgan  &   Wilkinson*.  10  30  'i 

GREAT    BRITAIN 

Robb  *  90      30       75 

Ker  *  30      43       80 

GERMANY 

Krohne  f  59  40.6  66 

Schoene  %   30  27  53 

Levy  t  23  21.7  78 

Tobben  t  29  34  56 

FRANCE 

Netter  *  50      18       83 

I  have  pointed  out  that  one  of  the  striking  facts  that 
speak  for  the  value  of  the  serum  treatment  is  its  greater 
efficiency  when  it  is  applied  early  in  the  course  of  the 
disease.  How  great  the  difference  in  effect  is,  according 
as  the  serum  is  applied  early  or  late,  is  shown  by  the 
next  tabulation  (Table  2),  which  is  taken  from  a  recent 
report  of  Dopter.^^  He  adopts  the  classification  intro- 
duced by  Flexner  and  Jobling,  and  considers  the  cases 
as  they  have  come  under  the  serum  treatment  in  the 
three  arbitrary  periods  discussed  in  a  previous  section. 
It  should  be  remarked  that  better's  figures  are  based  on 
cases  treated  in  Paris  with  the  serum  prepared  at  the 
Eockefeller  Institute,  while  Dopter's  figures  are  based  on 
cases  treated  in  France  with  the  serum  which  he  prepares 
at  the  Pasteur  Institute. 

*  Flexner  serum  employed. 

t  Wassermann    serum    employed. 

%  Jochmann  serum  employed. 
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TABLE    2.— MORTALITY    IN    EPIDEMIC    MENINGITIS    UNDER 
SERUM    TREATMENT:    CASES   ANALYZED    ACCORDING 
TO   PERIOD  OF   INJECTION 
Period  of  Injection.         Flexner.       Netter.       Dopter. 

First  to  third  day 14.9%         7.14%         8.20% 

Fourth  to  seventh  day.        22.0%       11.1   %       14.4   % 
Later  than  seventh  day.       36.4%       23.5  %       24.1   % 

The  influence  of  age  on  the  fatality  of  epidemic  men- 
ingitis has  already  been  alluded  to,  so  that  it  becomes 
important  to  ascertain  to  what  extent  this  factor  can  be 
eliminated  through  the  specific  serum  treatment.  Un- 
doubtedly, increasing  experience  with  the  use  of  the 
serum  is  tending  to  remove  the  great  differences  hitherto 
observed;  and. the  extent  to  which  the  age  factor  is  being 
set  aside  is  well  shown  by  Table  3,  taken  also  from 
Dopter's^'^  last  report.  In  interpreting  this  table,  account 
should  be  taken  of  the  fact  that  the  epidemic  of  menin- 
gitis in  France  is  the  latest  to  have  appeared  in  Europe 
and  set  in  at  a  time  when  increasing  experience  else- 
where had  shown  the  most  effective  way  of  administering 
the  serum.  This  is  probably  the  reason  why  Netter's 
and  Dopter's  figures  are  the  best  yet  secured.  That  the 
epidemic  was  of  average  severity  is  shown  by  the  mor- 
tality in  non-serum-treated  ^Jatients,  which  approximated 
70  per  cent. 

TABLE   3. — Gross   Percentage   Mortality   in    Epidemic   Menin- 
gitis Under  Serum  Treatment,  Cases  Analyzed 
According  to  Age  of  Patients 

Reported  by 

Age  Groups.                              Flexner*  Netterf  Dopterj 

Under  one  year SO.Ofo  50,0%  48.6% 

One  to  two  years 42.1%             0.0%§  20.1% 

Two  to  five  years 23.5%  16.6%  0.3% 

Five  to  ten  years 11.4%  12.5%  8.6^o 

Ten  to  twenty  years 23.8%             0.0%^  10.2% 

Above  twenty  years 26.4%             0.0%^  14.1% 

I  wish  now  to  present  a  bit  of  personal  evidence  in 
the  form  of  a  chart  based  on  the  cases  of  epidemic  cere- 
brospinal meningitis,  in  which  the  patients  have  been 
admitted  to  the  Children's  Hospital  in  Boston  since  the 
year  1900.  The  average  number  of  patients  treated  each 
year  in  the  hospital  is  twenty.  Up  to  the  year  1907,  a 
variety  of  modes  of  treatment  were  employed  without 
accomplishing  any  real  effect  in  diminishing  the  fatality 

*  Rockefeller  Institute  serum  administered  by  practitioners  gen- 
erally. 

t  Rockefeller  Institute  serum  administered  by  Professor  Netter. 
t  Pasteur  Institute  serum.     Manner  of  administration  not  stated. 
S  Six  cases. 
i  Eight  cases. 


of  the  disease.  WTien  tiie  eerum  treatment  was  intro- 
duced in  1907,  the  mortality  was  at  its  height,  that  ia, 
at  about  80  per  cent.  The  sudden  decrease  in  mortality 
attributahle  to  the  serum  treatment  is  shown  in  the  sharp 
drop  in  the  curve  and  its  continuation,  with  minor 
fluctuations,  at  this  low  level. 


ATTEXOATION  OF  THE  SYMPTOMS 

There  ia  ■  still  another   way  in  which  the  favorable 
action  of  the  serum  is  disclosed,  namely,  in  respect  to 
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the  effects  produced  on  the  symptoms,  course,  duration, 
manner  of  termination  and  permanent  consequences  of 
the  disease.  In  discussing  this  topic,  I  shall  draw  largely 
on  my  persona!  experience  with  more  than  100  patients 
treated  with  the  serum,  and  I  sliall  also  supplement  my 
observations  with  extracts  from  the  experience  of  others. 
I  have  been  able,  up  to  this  time,  to  Bubjeet  only  eighty 


21 

of  the  cases  to  exact  analysis  from  the  present  point  of 
view;  but  I  can  state  that  the  remaining  twenty  cases 
showed  the  same  general  effects. 

I  regard  the  favorable  influence  of  the  serum  on  the 
general  condition  and  symptoms  of  the  patients  as  the 
most  impressive  immediate  phenomenon.-  It  often  hap- 
pened that  within  twenty-four  hours  there  was  a  perma- 
nent return  to  consciousness,  disappearance  of  the  mental 
dulness  or  delirium,  removal  of  the  racking  headache, 
relief  of  the  hyperesthesia  and  control  of  the  vomiting — 
all  very  distressing  symptoms  that  accompany  severe 
infections.  To  see  patients  pass  within  twenty-four 
hours,  after  one  or  two  injections  of  the  serum,  from  a 
state  of  great  distress  and  unconsciousness  to  one  of 
almost  normal  mentality  is  something  the  impressiveness 
of  which  is  not  easily  to  be  overestimated. 

Not  every  patient  responds  in  this  rapid  manner  to 
the  application  of  the  serum.  Some  patients  who  recover 
show  a  more  gradual  improvement  in  condition  and 
symptoms ;  and  still  others,  and  particularly  those  in  the 
late  chronic  cases,  fail  entirely  to  respond.  The  effects 
that  are  the  slowest  to  yield  are  rigidity  of  the  neck  and 
Kernig's  sign.  Children  in  every  other  way  normal  may, 
at  times,  be  observed  playing  about  the  ward  while  still 
having  the  neck  retracted  and  yielding  Kernig's  sign. 
In  Table  4  I  have  assembled  and  analyzed  the  eighty 
cases  according  to  the  manner  of  improvement. 

TABLE  4.— MANNER  OF  IMPROVEMENT  IN  SERUM-TREATED 

CASES 

Immediate    and    marked .'. . .  34  cases 

Immediate   and   slight 14  cases 

Immediate  and  temporary 7  cases 

Slow   improvement    15  cases 

No  improvement    10  cases 

We  .find,  therefore,  that  the  influence  of  the  serum 
on  the  symptoms  of  epidemic  meningitis  coincides  with 
the  effects  exerted  on  the  local  inflammatorv  exudate 
and  the  viability  of  the  meningococci.  In  all  but  a  few 
resistant  cases,  the  diplococci  are  quickly  rendered  in- 
capable of  multiplication  and  the  inflammatory  process 
is  arrested  and  brought  to  rapid  resolution. 

Another  striking  effect  is  on  the  course  of  the  disease. 
The  average  period  of  duration  of  cases  going  on  to 
recovery  may  be  gathered  from  the  calculation  of  Holt, 
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based  on  the  New  York  epidemic  of  1905-6.  Holt^* 
states  that  in  350  patients  who  recovered  before  the 
serum  was  perfected,  the  disease  endured  one  week  or 
less  in  3  per  cent.,  and  five  weeks  or  longer  in  50  per 
cent.  These  figures  are  to  be  contrasted  with  those  of 
Flexner  and  Jobling,-**  who  found  that  in  288  serum- 
treated  patients  the  active  "Bymptoms  persisted  on  the 
averages  eleven  days  after  the  first  injection. 

The  action  on  the  manner  of  termination  of  the  dis- 
ease is  also  striking.  Epidemic  meningitis  rarely  term- 
inates spontaneously  by  crisis.  Indeed,  the  disease  is 
better  characterized  as  an  infection  tending  to  a  fatal 
termination,  or  to  a  prolonged  course  and  frequent 
relapses.  Eecovery  when  it  occurs  tends  to  be  gradual 
or  by  lysis  and  almost  never  abrupt  or  by  crisig.  Yet  in 
275  serum-treated  cases,  analvzed  bv  Flexner  and  Job- 
ling,^  the  symptoms  were  noted  to  have  disappeared  by 
lysis  in  200  and  by  crisis  in  seventy-three.  Hence,  it 
can  be  concluded  that  about  25  per  cent,  of  patients 
recovering  under  the  influence  of  the  serum  do  so  by 
crisis.  Eobb,  Dunn,  Netter,  Dopter  and  others  have  all 
observed  and  dwelt  on  the  amelioration  of  the  symptoms 
brought  about  by  the  serum  treatment. 

RARITY  OF  PERMANENT   SEQUELS 

The  serious  permanent  effects  of  epidemic  meningitis 
are  chiefly  deafness,  blindness,  paralysis  and  idiocy.  It 
is  necessary  to  consider  to  what  degree  these  blighting 
results  of  the  disease  are  affected  bv  the  serum  treat- 

■ 

ment.  The  matter  is  one  of  great  importance,  not  only 
intrinsically,  but  also  because  of  its  bearing  on  the 
increased  number  of  persons  recovering  under  the  Serum 
treatment  who  might  be  permanently  injured  mentally 
or  physically  by  the  disease.  The  question  resolves  itself 
into  this:  does  the  percentage  of  fixed  sequelae  increase 
proportionately  with  the  percentage  of  recoveries,  or  is 
it  larger  or  smaller? 

The  evidence,  as  gathered  from  the  observation  of 
those  physicians  who  Have  treated  many  cases  with  the 
serum,  as  well  as  shown  by  the  published  statistics,  is  to 
the  effect  that  these  sequelae  are  rarely  encountered  in 
serum-treated  patients  and,  indeed,  that  there  is  one 
sequel  only  that  occurs  with  any   frequency,  namely, 

16.  Holt :    Brit.  Med.  Jour.,  1908,  ii,  1336. 
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deafness.  All  the  other  serious  effects  have  been  abol- 
ished, or  nearly  so.  And  in  the  majority  of  instances  in 
which  deafness  has  resulted,  it  has  been  specifically  noted 
that  the  condition  was  already  present  when  the  serum 
was  first  injected. 

Flexner  and  Jobling^  were  the  first  to  point  out  the 
infrequency  with  which  serious  consequences  followed 
on  the  epidemic  disease  when  patients  were  treated  with 
the  serum.  Since  then,  and  as  larger  and  larger  series  of 
cases  have  come  to  be  reported,  other  authors  have 
emphasized  the  same  fact,  and  notably  Netter.^^  The 
serving  consequences  are  of  two  kinds:  one  temporary, 
although  persisting  for  some  weeks  or  months;  among 
these  are  lesions  of  the  joints  and  partial  deafness. 
Ultimately  they  disappear.  The  others  are  permanent^ 
and  include  deafness,  blindness,  paralysis,  etc.  The  joint 
affections  can  themselves  be  influenced  by  the  serum 
treatment,  since  some  of  them  are  caused  by  secondary 
localizations  of  the  meningococci  in  the  joints,  causing 
suppurative  inflammation,  which  can  be  terminated,  as 
Ladd'^  and  later  Netter^"^  have  shown,  by  direct  injection 
of  the  antimeningitis  serum  into  the  inflamed  part. 

THE   ETIOLOGIC    DIAGNOSIS    OF   MENINGITIS 

The  fact  should  be  emphasized  that  meningitis  is  a 
condition  that  is  produced  by  several  different  agencies, 
nearlv  all  of  which  are  bacteria.  Not  a  little  confusion 
exists,  especially  in  the  statistics  of  meningitis,  because 
in  the  past  it  has  been  impracticable  to  separate  the 
various  etiologic  types  from  one  another.  With  the 
introduction  of  the  antimeningitis  serum,  the  favorable 
action  of  which  is  limited  to  one  form  of  the  disease, 
namely,  that  caused  by  the  meningococcus  and  desig- 
nated as  epidemic  meningitis,  it  has  become  necessary 
to  determine  with  precision  this  particular  infection 
and  to  separate  it  from  all  the  other  forms  of  infectious 
meningitis.  The  necessity  of  employing  lumbar  punc- 
ture for  the  purpose  of  injecting  the  serum  into  the 
meninges  provided  the  means  of  securing,  at  the  same 
time,  the  cerebrospinal  fluid  for  bacteriologic  diagnosis. 
Thus,  it  has  come  about  that  more  accurate  diagnoses 
have  begun  to  be  returned  to  health  olBBcials  and  that  the 
tuberculous,  pneumococcus,  streptococcus,  staphylococcus 

.  17.  Netter :  Bull,  et  m^m.  Soc.  m6d.  d.  hOp.  de  Paris,  1910,  p.  131. 
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and  influenza  bacillus  infections  are  being  distingmshed 
from  true  meningococcus  epidemic  meningitis. 

This  reform  is  in  its  first  beginning  and  is  less  effec- 
tive than  it  otherwise  might  be,  since  in  many  places 
epidemic  meningitis  is  not  a  notifiable  disease,  and  the 
mortality  returns  of  meningitis  give  no  indication  of 
the  degree  of  prevalence  of  the  disease.  Even  when  the 
death  returns  are  made  accuratelv,  thev  have  no  value 
in  determining  mortality  or  degree  of  prevalence  of 
meningitis  and  the  percentage  of  recoveries,  since  few 
or  no  cases  in  which  the  patients  recover,  are  reported 
at  all. 

The  general  mortality  statistics  on  meningitis  of  the 
cit>'  of  Xew  York  have  been  invoked  by  certain  persons 
holding  inimical  views  regarding  the  value  of  the  serum 
treatment  of  disease  generally,  to  prove  that  there  has 
been  no  reduction  in  mortality  of  epidemic  meningitis 
as  the  result  of  the  serum  treatment.  My  personal 
experience  may  be  cited  to  illustrate  the  value,  up  to 
this  time,  of  the  general  health  repori:s  on  meningitis.^* 
Outside  my  regular  hospital  services,  I  have  been  called 
on  to  administer  the  antimeningitis  serum  in  142  con- 
secutive cases  of  meningitis  which  were  believed  by  the 
attending  physicians  to  be  examples  of  the  epidemic 
disease.  On  performing  lumbar  puncture  and  making 
bacteriologic  examinations,  I  found  that  only  sixty  were 
cases  of  epidemic  meningitis,  while  sixty  more  were  cases 
of  tuberculous,  twelve  of  pneumococcus,  six  of  strep- 
tococcus and  four  of  influenzal  meningitis.  Among  the 
sixty  cases  of  epidemic  meningitis  in  which  I  adminis- 
tered the  serum,  there  were  fori;y-five  recoveries,  equal- 
ing 75  per  cent.,  while  of  the  82  miscellaneous  cases  all 
patients  died  but  one.  This  experience  is  by  no  means 
unique,  but  is  rather  the  rule.  It  is  quite  ceriain  that 
all  these  cases  would,  under  ordinary  conditions,  have 
been  reported,  assuming  meningitis  to  be  a  generally 
notifiable  disease,  as  epidemic  meningitis;  and  under 
these  circumstances  and  in  spite  of  the  serum  treatment, 
the  records  would  have  shown  a  mortality  of  67.6  per 
cent.  Instead  of  this  the  mortality  from  all  the  forms 
together,  except  the  epidemic,  should  properly  have  been 
given  at  approximately  100  per  cent.,  and  of  the  epi- 
demic disease  at  25  per  cent. 

This  is  not  the  only  source  of  error  in  the  health 
statistics    on    meningitis.      Quite   remote    diseases    are 
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sometimes  mistaken  for  meningitis.  I  shall  not  enter 
into  a  discussion  of  the  reasons  for  the  confusion  in 
diagnoses  that  lumbar  puncture  is  capable  quickly  of 
setting  aside.  During  the  period  mentioned  in  which 
I  encountered  the  142  cases  of  meningitis,  I  was  called 
to  see  eighty-eight  other  cases  that  probably,  would  have 
been  reported  as  examples  of  meningitis,  in  which  the 
examination  of  the  cerebrospinal  fluid  and  other  tests 
entirely  excluded  this  condition.  Of  this  series  of 
patients,' forty-six  recovered  and  forty-two  died.  Hence, 
I  have  been  brought  into  personal  relationship  with  230 
cases  of  illness  diagnosed  correctly  or  incorrectly  as  epi- 
demic meningitis,  in  which  cases  ninety-two  patients 
recovered  and  138  died.  All  these,  it  is  safe  to  say, 
would  have  been  so  reported  to  health  officials  and  would 
have  been  recorded  as  such.  Had  this  been  done,  a 
wholly  erroneous  impression  would  have  been  given  con- 
cerning the  mortality  in  and  about  Boston  of  epidemic 
meningitis,  since  the  introduction  into  practice  of  the 
antimeningitis  serum.  I  am  making  this  elaborate 
explanation  to  remove  the  misapprehfnsion  regarding 
the  reliability  and  value  of  the  statistics  as  now  compiled 
by  our  health  authorities,  so  far  as  they  relate  to  men- 
ingitis and  its  serum  treatment.  It  is  obvious  that  far 
greater  accuracy  is  now  attainable.  Whether  it  is 
attained  or  not,  it  remains  to  state  that  the  decision  as 
to  the* value  of  the  antimeningitis  serum  should  be  based 
solely  on  reports  of  cases  in  which  the  bacteriologic  diag- 
nosis has  been  clearly  established. 

CONCLUSIONS 

The  published  reports  on  the  action  of  the  antimenin- 
gitis  serum  leave  no  doubt  of  its  value  in  the  treatment 
of  epidemic  meningitis.  No  one  can  read  the  conserva- 
tive- report  of  Flexner  and  Jobling,^  who  regarded  400 
cases  as  too  few  on  which  to  base  a  final  decision  of  the 
value  of  the  serum,  or  the  reports  by  many  physicians 
based  on  observations  at  the  bedside,  without  being  con- 
vinced that  this  severe  and  pathetic  disease  has  been 
largely  conquered  by  means  of  specific  serum-therapy. 
Those  who  were  spared  the  pain  of  attending  the  disease 
before  the  days  of  the  serum  treatment  cannot  well 
imagine  how  hopeless  was  the  outlook  presented  to  the 
physician  and  how  helpless  he  felt  in  the  presence  of 
this   malignant  malady;   and   it   is,   therefore,   almost 
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equally  difficult  to.  appreciate,  by  contrast,  what  a  boon 
it  now  is  to  have  at  command  this  powerful  remedy. 
The  contrast  in  the  appearance  of  the  wards  at  the 
Children's  Hospital  in  Boston  now,  and  as  compared 
with  the  pre-serum  period,  is  a  subject  of  general  remark. 
Formerly  there  were  almost  always  to  be  seen  wasted 
little  patients  lying  with  head  drawn  back,  neck  rigid, 
limbs  twisted  and  paralyzed,  head  swollen  by  hydro- 
cephalus, and  other  painful  conditions,  and  l:^maining 
thus  for  weeks  or  months  until  death  resulted.  Now 
the  little  meningitis  patients  are  soon  laughing,  talking 
and  playing  with  other  children,  and  need  not  to  be- kept 
long  in  the  hospital. 

How  all  this  has  been  accomplished  cannot  fail  to 
interest  all  those  who  are  concerned  with  the  conquest  of 
disease.  The  steps  of  the  achievement  I  have  endeavored 
to  trace  in  the  first  part  of  this  paper.  The  benign  result 
was  accomplished  by  scientific  investigations,  carried  out 
logically,  step  by  step,  and  directed  toward  the  definite 
end  of  finding  a  cure  for  epidemic  meningitis.  We  owe 
this  cure  entirely  to  animal  experimentation,  for  it  was 
through  experiments  on  animals  that  the  additions  to 
our  knowledge  regarding  this  difficult  problem  were  won, 
which  culminated  in  the  finding  of  the  curative  serum, 
and  thus  in  the  control,  to  a  great  extent,  of  the  disease. 

It  can  scarcely  be  questioned  whether  this  scientific 
investigation  was  worth  while,  or  whether  the  benefit 
accruing  to  humanity  outweighs  the  sacrifice  of  the 
score  of  monkeys  which  contributed  to  the  final  result. 
In  estimating  the  cost  of  the  achievement,  the  fact 
should  not  be  lost  sight  of  that  while  the  experimental 
part  of  the  work  leading  to  the  discovery  of  the  anti- 
meningitis  serum  need  never  be  repeated,  the  saving  of 
human  misery  and  of  human  lives,  through  the  applica- 
tion of  the  serum,  will  go  on  indefinitely  until  such  time 
as  by  the  rigid  application  of  hygienic  preventive  meas- 
ures, many  of  which  still  remain  to  be  discovered,  epi- 
demic meningitis  is  eradicated  from  the  world. 

The  antimeningitis  serum  was  kept  under  control  by 
the  Eockefeller  Institute  for  more  than  three  years  while 
its  action  was  being  subjected  to  the  closest  clinical 
scrutiny,  during  which  time  it  was  being  supplied  gratis 
to  hospitals  all  over  the  world.     The  control  has  just 
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been  relinquished  and  its  preparation  and  distribution 
turned  over  to  health  authorities  and  private  individuals. 
This  action  has  been  dictated  by  the  consideration  that 
the  value  of  the  serum  as  a  curative  agency  is  no  longer 
under  discussion,  but  has  been  established  by  as  rigid 
clinical  tests,  carried  out  in  many  countries,  as  could 
well  be  devised. 

We  may,  therefore,  conclude  with  Dr.  Flexner,^  who, 
in  his  last  report  embracing  712  cases  of  epidemic  men- 
ingitis, in  which  the  patients  were  treated  with  the 
serum,  says: 

In  view  of  the  various  considerations  presented,  the  conclu- 
sion may  be  drawn  that  the  antimeningitis  serum,  when  used 
by  the  subdural  method  of  injection,  in  suitable  doses  and  at 
proper  intervals,  is  capable  of  reducing  the  period  of  illness; 
of  preventing,  in  large  measure,  the  chronic  lesions  and  types 
of  the  infection;  of  bringing  about  complete  restoration  of 
health,  in  all  but  a  very  small  number  of  the  recovered,  thus 
lessening  the  serious,  deforming  and  permanent  consequences 
of  meningitis;  and  of  greatly  diminishing  the  fatalities  due 
to  the  disease. 
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The  disease  which  is  now  called  diphtheria  is  believed 
to  have  been  prevalent  in  Europe  for  a  long  time.  We 
have  reason  to  think  that  it  occurred  at  first  chiefly  in 
epidemics.  The  great  increase  of  population  and  travel 
during  the  past  one  hundred  years  with  its  necessary 
jningling  of  infected  and  non-infected  persons  has 
aided  its  dissemination,  so  that  it  is  endemic  in  manv 
countries. 

THE  IDENTITY  OF  '^'CROUP'^  AND  LARYNGEAL  DIPHTHERIA 

It  is  very  important  when  studying  deaths  from  diph- 
theria to  remember  that  physicians  did  not  formerly 
recognize,  as  we  now  do,  that  various  forms  of  ulcerated 
throat  and  croup  are  forms  of  a  single  disease.  In  fact 
they  did  not  realize  this  until  Bretonneau  in  1826  appre- 
ciated the  fact  and  gave  the  disease,  however  manifested, 
the  name  of  diphtheria.  Bretonneau^s  statements  were 
soon  accepted  by  many  in  France,  but  were  not  so 
quickly  adopted  in  the  rest  of  Europe  and  in  America. 
As  late  as  1855,  he  w^as  compelled  to  reassert  his  reasons 
for  his  conviction,  that  membranous  croup  and  mem- 
branous pharyngitis  were  both  forms  of  diphtheria,  and 
that  either  form  was  capable  of  communicating  the 
other.  He  adduced  in  proof  of  these  statements  the 
details  of  small  epidemics  where  in  the  same  family,  or 
group  of  families,  diiferent  persons  presented  every  form 
of  the  disease.     He  also  showed  how  nurses  caring  for 
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cases  of  "croup"  frequently  contracted  the  pharyngeal 
form  of  the  disease.  Bretonneau  and  those  who  agreed 
with  him  gradually  convinced  the  majority  of  physicians 
and  so  we  find  such  names  as  inflammation  of  the  throat, 
sprue,  etc.,  gradually  disappearing  as  they  were  recog- 
nized as  forms  of  diphtheria.  The  designation  "croup" 
has  remained  much  longer  because  it  designated  briefly 
a  form  of  diphtheria  which  because  of  its  location  in  the 
larynx  had  special  symptoms  and  required  special  treat- 
ment. This  gradual  inclusion  of  all  forms  of  the  dis- 
ease under  the  name  diphtheria  has  led  to  confusion 
among  some  who  do  not  believe  in  the  value  of  antitoxin 
in  that  they,  carelessly  failing  to  note  the  change  in  the 
reporting,  have  believed  that  deaths  from  diphtheria 
instead  of  being  greatly  diminished  have  remained 
nearly  constant. 

The  following  extracts  from  the  mortality  tables  of 
the  Department  of  Health  of  the  City  of  New  York 
illustrate  in  an  interesting  way,  how  the  name  diph- 
theria has  supplanted  other  names  for  special  varieties 
of  the  disease. 

GRADUAL     SUBSTITUTION     IN     DEATH     CERTIFICATES     BY 

PHYSICIANS   OF   NEW   YORK   CITY  OF  THE   NAME 

DIPHTHERIA     FOR     EARLIER     SPECIAL 

DESIGNATIONS 


Inflammation 

Year 

of 

Tlir04t 

Sprue 

Angina 

Croup 

Diphtheria 

185G 

50 

40 

14 

550 

•    •   •    • 

1858 

70 

56 

11 

478 

5* 

1860 

132 

15 

37 

599 

422 

1862 

68 

27 

2 

685 

594 

1864 

18 

4 

37 

754 

781 

1865 

•    • 

4 

5 

449 

534 

1875 

•    • 

•    • 

758 

2,329 

1895 

•    • 

•    ■ 

•    « 

342 

1,634 

*  First 

use  of 

'  name  dipbtboria. 

As  already  stated,  laryngeal  diphtheria  has  continued 
to  be  reported  by  some  as  croup,  but,  as  the  years  have 
passed,  more  and  more  have  designated  the  disease 
rather  than  its  location,  so  that  the  proportion  of  cases 
reported  as  diphtheria  has  grown  ever  greater. 

Thus  in  1860  there  were  reported  in  New  York  City 
599  deaths  from  croup  and  422  from  diphtheria  or  an 
approximate  ratio  of  1.4  :  1;  in  1875  there  were  re- 
ported 758  cases  of  croup  and  2,329  of  diphtheria,  or  a 
ratio  of  0.3  :  1 ;  in  1895  there  were  reported  342  cases  of 
croup  and  1,634  of  diphtheria  or  a  ratio  of  0.2  :  1. 

Exactly  the  same  changes  have  been  taking  place  in 
nomenclature    overywliero;  thus    the  registrar  general's 


report  for  England  and  Wales.  1898,  says,  "With 
regard  to  the  changes  which  have  taken  place  from  time 
to  time  in  the  nomenclature  of  diphtheria,  it  is  impor- 
tant to  bear  in  mind  the  following  points : 

Diphtheria  as  a  distinct  affection  had  scarcely  been  recog- 
nized in  England  previous  to  1855,  in  which  year  this  disease 
was  first  separated  from  scarlet  fever  in  the  national  records 
of  the  causes  of  death.  As  to  the  unity  of  diphtheria  and 
croup  it  states:  "The  diphtheria  epidemic  of  1863  was  accom- 
panied by  parallel  movements  in  the  mortality  ascribed  to 
croup."  After  giving  more  reasons  the  report  continues: 
"These  facts  taken  in  conjunction  certainly  warrant  the 
assumption  that  by  far  the  greater  number  of  deaths  hitherto 
attributed  to  croup  have  been  caused  by  laryngeal  diphtheria." 

.This  gradual  recognition  of  the  true  nature  of  croup 
came  about  with  the  clearer  understanding  of  the  dis- 
ease. With  our  present  knowledge  we  now  know  that 
when  Francis  Home  gave  the  name  croup  to  a  certain 
disease  which  attacked  the  larynx  and  altered  the  voice, 
he  described  by  that  name  true  laryngeal  diphtheria. 
Homers  accounts  of  his  autopsies  make  this  very  clear. 

The  correctness  of  the  view  stated  by  the  registrar 
general's  report,  that  fatal  croup  is  laryngeal  diphtheria, 
seems  so  evident  that  it  is  difficult  to  believe  that  those 
who  affirm  they  are  different  diseases,  are  really  sincere. 

It  would  only  be  necessary  for  persons  having  such  a 
belief  to  look  up  the  cases  reported  as  deaths  from  diph- 
theria and  they  would  find  that  more  than  75  per  cent, 
of  all  such  deaths  were  due  to  laryngeal  diphtheria  and 
that  they  presented  the  identical  symptoms  described  by 
Home  in  his  work  published  in  1765,  entitled  "An 
Enquiry  into  the  Nature,  Cause  and  Cure  of  Croup.^'  At 
least,  if  they  believe  that  croup  is  not  diphtheria,  they 
should  eliminate  all  deaths  from  diphtheria  statistics 
which  are  due  to  croup. 

The  importance  of  realizing  that  the  vast  majority  of 
cases  of  croup  are  diphtheria  is,  in  the  first  place,  that 
they  may  be  treated  as  such,  and  in  the  second  place, 
that  we  may  rightly  judge  the  benefit  derived  from  anti- 
toxin treatment  as  shown  in  the  lessened  mortality  in 
cases  of  croup.  It  would  be  as  reasonable  to  assert  that 
cases  previously  designated  meningitis  had  ceased  to 
exist,  because  with  better  knowledge  we  weie  able  to 
place  them  under  inflammations  due  to  the  tubercle 
bacillus  or  to  the  meningococcus,  as  to  state  that  croup 


seldom  occurred  because  it  was  now  usually  reported  as 
laryngeal  diphtheria. 

THE  MEANS  BY  WHICH  WE  OBTAINED  OUR  PRESENT  COM- 
PREHENSIVE KNOWLEDGE  CONCERNING  THE  NATURE 
AND  PREVENTION  OF  DIPHTHERIA 

The  careful  clinical  observations  of  cases  and  the 
study  of  the  spread  of  the  disease,  without  resort  to  ani- 
mal experiments,  yielded  many  facts  which  justified  the 
conclusion  that  diphtheria  was  a  contagious  disease  pro- 
ducing definite  lesions  in  the  pharynx  and  larynx.  There 
remained  numerous  cases,  however,  the  nature  of  which 
continued  doubtful.  There  seemed  indeed  no  way  to 
differentiate  between  these  cases,  unless  possibly  a 
specific  microorganism  could  be  discovered.  Many 
attacked  the  investigation  of  this  problem.  Laycock  pub- 
lished a  paper  in  Edinburgh  in  1859  declaring  that  diph- 
theria was  due  to  the  Oidium  albicans.  One  after  an- 
other discovered  different  organisms  which  they  tried  to 
connect  with  the  disease.  Klebs  demonstrated  in  1881, 
that  there  were  .  no  microorganisms  in  the '  internal 
organs  of  the  majority  of  diphtheria  patients.  Two  years 
later  he  demonstrated  that  in  sections  there  were  near 
the  surface  of  the  membrane,  little  rod-shaped  bacteria. 
In  the  same  year,  Heubner  showed  that  pyogenic  cocci 
were  regularly  present,  but  that  these,  while  pathogenic 
for  animals,  still  did  not  produce  lesions  like  those  of 
human  diphtheria.  He  came  to  the  conclusion  that  the 
organism  was  yet  to  be  discovered.  Koch  at  that  time 
laid  down  his  three  postulates  which  required  as  proof 
that  any  of  the  numerous  varieties  of  microorganisms, 
shown  to  be  present  in  the  throat  in  cases  of  diphtheria, 
was  the  exciting  factor,  the  finding  of  the  organism  in 
the  affected  part,  its  isolation  in  pure  culture  and  its 
reproduction  of  the  disease  when  inoculated  in  pure 
culture. 

The  investigations  due  to  Koch's  suggestions  led  to 
the  discovery  of  the  diphtheria  bacillus  and  of  its  anti- 
dote. The  following  pages  will  again  and  again  have  to 
record  the  fact  that  these  results  would  have  been  impos- 
sible without  animal  experimentation. 

THE   DISCOVERY   OF  DIPHTHERIA  BACILLUS   BY  LOEFFLER 

As  already  stated,  the  results  published  prior  to  the 
investigations  of  Loeffler  were  so  inconclusive  that  many 
different  kinds  of  bacteria  were  under  consideration  as 


the  possible  cause  of  the  disease.  Loeffler  in  1884 
reported  the  rerults  of  a  very  careful  series  of  studies. 
He  examined  sections  stained  by  a  special  alkaline  solu- 
tion of  methylene  blue,  of  the  locally  affected  parts  and 
also  of  the  organs  of  patients  who  had  died  of  diph- 
theria. These  investigations  showed  that  the  lesions  were 
not  always  uniform  in  character,  but  could  be  arranged 
in  various  groups.  The  first  group  was  characterized  by 
loss  of  substance  and  the  presence  of  greyish-yellow 
necrotic  material,  false  membranes  being  absent.  All 
the  cases  of  post-scarlatinal  diphtheria  belonged  to  this 
group.  Micrococci,  arranged  in  chains,  were  found 
pushing  their  way  in  wedge-like  masses  into  the  tissues 
and  leaving  necrotic  areas  behind  them.  Masses  of 
micrococci  were  also  frequently  found  in  the  organs  of 
fatal  cases.  In  the  second  group,  thick  false  membranes 
occurred  on  the  deeply  congested  mucous  membranes 
of  the  throat,  larynx  or  bronchi.  Masses  of  bacteria  of 
various  kinds  were  found  covering  the  surface  of  the 
false  membranes  in  disorderly  confusion,  and  more 
deeply,  small  rods  were  found  arranged  in  groups  and 
stained  most  intensely  with  methylene  blue. 

Anatomic  and  cultural  investigations  indicated  that 
either  streptococci  or  the  bacilli  now  known  to  be  the 
diphtheria  bacilli  were  the  exciting  organisms,  but  gave 
no  conclusive  proofs  of  the  specific  significance  of  either. 
As  other  means  failed,  it  was  necessary  to  discover 
whether  either  of  them  was  capable  of  producing  in  ani- 
mals a  disease  analogous  to  human  diphtheria.  Experi- 
ments were  made  with  pure  cultures  of  the  streptococci 
and  other  micrococci  in  a  number  of  animals,  mice, 
guinea-pigs,  rabbits  and  monkeys,  partly  by  feeding,  and 
partly  by  subcutaneous,  intratracheal  and  intravenous 
inoculations.  Certain  animals,  especially  mice,  died 
from  septicemia,  with  numerous  chains  of  cocci  in  the 
blood,  but  in  no  case  was  a  disease  produced  which 
resembled  diphtheria.  Since  these  organisms  were  only 
discovered  alone  in  a  limited  number  of  cases  simulating 
human  diphtheria,  and  since  they  have  been  found 
similarly  arranged  in  the  organs  in  other  infective  dis- 
•  eases  which  are  associated  with  lesions  of  the  mucous 
membrane,  Loefiler  came  to  the  conclusion  that,  in  diph- 
theria also,  the  chain-forming  micrococci  were  merely  of 
secondary  importance,  occasionally  invading  the  body 
under  favorable  conditions  and  giving  rise  to  slight  or 


grave  local  and  general  complications.  Loeffler  also  re- 
garded it  as  possible  that  the  chain-forming  micrococci 
might  set  up  a  disease  resembling  diphtheria  by  attack- 
ing the  mucous  membranes  of  the  throat  and  multiply- 
ing in  the  lymph  spaces. 

With  tlie  pure  cultures  of  the  suspected  bacilli 
obtained  from  a  number  of-  cases  experiments  were  made 
on  several  species  of  animals.  Mice  were  not  affected  by 
inoculations,  but  guinea-pigs  died  with  characteristic 
lesions,  greyish-white,  pseudo-membranous  masses  at  the 
seat  of  the  inoculation,  hemorrhagic  edema,  effusion  into 
the  pleural  cavities,  lobular  consolidation  of  the  lungs 
and  catarrhal  inflammation  of  the  kidneys.  The  bacilli 
were  found  usually  in  small  numbers  only  at  the  seat  of 
inoculation,  but  were  never  observed  in  the  organs. 
These  facts  "clearly  indicated  that  a  poison  produced  at 
the  seat  of  inoculation  must  have  circulated  in  the 
blood."  Characteristic  and  striking  results  were  obtained 
by  the  inoculation  of  rabbits.  After  inoculation  of  the 
conjunctiva  was  performed,  the  parts  became  much 
swollen  and  covered  with  whitish  tough  membranes. 
Inoculations  into  the  opened  trachea  produced  tracheitis, 
leading  in  the  majority  of  cases  to  the  formation  of 
more  or  less  extensive  false  membranes,  which  occa- 
sionally extended  into  the  bronchi.  The  operation 
wounds  frequently  became  covered  with  fibrinous 
deposits  accompanied  by  hemorrhagic  edema  of  the  neck. 
Extension  of  the  process  from  the  trachea  into  the 
pharynx  was  never  observed.  In  the  false  membranes, 
the  bacilli  were  only  found  in  small  numbers  and  were 
only  observed  in  those  parts  of  the  mucous  membrane 
which  were  injured  during  inoculation  and  which  ap- 
peared to  be  totally  absent  from  the  internal  organs. 
Since  the  animals  died,  in  spite  of  the  scarcity  of  bacilli, 
Loeffler  considered  that  this  confirmed  his  idea  that 
death  was  due  to  the  absorption  of  a  chemical  poison 
produced  by  the  bacilli  at  the  site  of  inoculation. 

These  results  of  animal  tests  established  for  all  time 
the  role  of  the  diphtheria  bacillus  as  the  sole  essential 
exciting  factor  in  producing  diphtheria.  The  strepto- 
cocci and  other  pathogenic  bacteria  were  proved  to  be  an 
associated  and  engrafted  infection,  which  at  times  prob- 
ably became  as  dangerous  as  the  diphtheria  bacilli,  as  in 
the  case  of  a  complicating  pneumonia  or  septicemia. 
The  idea  of  Loeffler  that  the  lesions  distant  from  the 


original  site  of  the  disease  were  caused  by  soluble 
poisons  was  proved  correct  by  the  work  of  Roux  and 
Yersin.  The  injection  of  the  filtrate  from  cultures  pro- 
duced the  same  histologic  lesions  in  guinea-pigs  as  infec- 
tion with  the  culture.  Without  animal  tests  it  would 
have  been  impossible  to  determine  this,  for  the  chemical 
composition  of  diphtheria  toxin  is  still  unknown  to  us. 

The  etiologic  importance  of  the  bacillus  isolated  by 
Loeffler  being  established,  it  was  possible  to  establish  the 
nature  of  doubtful  cases.  Numerous  tests  by  means  of 
animal  inoculations  in  cases  of  croup  occurring  in  many 
parts  of  Europe  and  America  showed  that  the  opinion  of 
Bretonneau,  that  fatal  croup  was  almost  invariably 
laryngeal  diphtheria,  was  absolutely  correct.  Other  dis- 
coveries were  made,  such  as  the  fact  that  there  were 
many  mild  cases  of  diphtheria  which  had  not  been  rec- 
ognized and  had  thus  been  fruitful  sources  of  contagion. 
It  was  also  disclosed  that  convalescent  cases  carried 
virulent  bacilli  for  weeks  or  months  after  recovery  and 
that  healthy  persons  who  were  brought  into  contact  with 
diphtheria  were  occasionally  infected  and  thus  might 
become  carriers  of  diphtheria  bacilli,  infecting  others 
though  escaping  themselves. 

In  all  these  discoveries  it  was  necessary  to  use  guinea- 
pigs  because  it  was  found  that  there  were  harmless 
bacteria  in  the  throat  which  so  closely  resembled  the 
diphtheria  bacilli  in  every  respect,  except  that  of  poison 
production,  that  the  two  could  only  be  separated  and 
identified  through  the  injection  of  guinea-pigs. 

The  information  thus  obtained  proved  to  be  very  use- 
ful and  it  was  hoped  that  the  intelligent  separation, 
through  practical  cultures,  of  suspected  cases  into  those 
that  were  diphtheria  and  those  that  were  not,  would 
make  it  possible  to  isolate  the  one  and  liberate  the  other. 
It  was  also  believed  that  examination  of  persons  exposed 
to  diphtheria  would  make  it  possible  to  detect  the  diph- 
theria bacillus  carriers  and  so  prevent  their  disseminat- 
ing the  germs  of  the  disease.  Experience  showed  that 
while  we  could  act  much  more  intelligently  than  before, 
vet  the  doubtful  cases  and  the  bacillus  carriers  were  so 
numerous  that  the  problem  was  too  difficult  to  handle. 
While  the  culture  test  was  reliable  in  cases  with  exudate, 
it  proved  unreliable  in  convalescent  cases  and  in  bacillus 
carriers  because  the  bacilli  might  at  the  moment  be  so 
few  at  the  time  of  making  the  culture  as  to  be  missed, 
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and  the  case  passed  as  free  from  contagion,  when,  in 
fact,  diphtheria  bacilli  were  present  in  some  recess 
ready  to  multiply  at  any  moment.  We  found  that  in 
New  York  City,  during  the  winter  months,  nearly  1  per 
cent,  of  the  children  are  diphtheria  bacillus  carriers. 
These  conditions,  together  with  the  influence  of  increas- 
ing congestion  of  the  population,  brought  it  about  that 
the  deaths  from  diphtheria  (which  had  diminished  for  a 
time  after  the  promulgation  of  Loeffler^s  discovery), 
began  again  to  increase.  Fortunately,  the  discovery  by 
'  Behring,  of  the  antitoxic  power  of  the  blood  of  animals 
which  have  recovered  from  slight  poisoning  with  the 
toxin  produced  by  the  diphtheria  bacillus,  gave  us  a  new 
and  potent  preventive  which  also  could  be  used  as  a  cure. 
This  discovery  would  have  been  absolutely  impossible 
without  animal  experimentation,  for  diphtheria  anti- 
toxin is  only  known  by  the  fact  that  it  acts  to  neutralize 
the  poisonous  action  of  the  toxin.  Furthermore,  every 
lot  of  antitoxin  which  is  sent  out  must  be  produced  by 
animals  and  must  be  tested  in  animals. 

•THE    ROLE    OF    ANIMAL  .EXPERIMENTATION    IN    THE    DIS- 
COVERY  AND  PRACTICAL  PRODUCTION    OF 
DIPHTHERIA  ANTITOXIN 

Behring  discovered  that  not  only  was  an  animal,  after 
recovery  from  a  less  than  fatal  dose  of  diphtheria  toxin, 
immune  to  an  otherwise  fatal  dose  of  a  diphtheria  cul- 
ture, but  also,  the  far  more  important  point,  that  the 
blood-serum  contained  the  protective  substance  and  that 
this  injected  into  another  animal  conferred  immunity. 
By  testing  a  number  of  animals  it  was  found  that  the 
horse  produced  the  largest  amount  of  this  protective 
substance.  By  judicious  treatment  with  repeated  inocu- 
lations of  toxins  the  antitoxin  accumulated  in  the  blood, 
since  it  was  so  slowly  eliminated,  and  the  newly  formed 
antitoxin  after  each  injection  was  added  to  the  major 
part  of  that  formed  in  response  to  the  previous  injec- 
tions. It  was  found  that  when  an  animal  is  injected 
with  the  antitoxin  produced  by  one  of  its  own  kind,  its 
immunity  lasts  from  four  to  six  months,  but  when  in- 
jected with  antitoxin  produced  in  another  species, 
immunity  lasts  only  .two  or  three  weeks.  This  difference 
in  the  retention  of.  the  antitoxin  is  of  both  practical  and 
theoretical  interest.  As  human  beings  always  receive 
antitoxin  produced  by  the  horse,  the  duration  of  immu- 


nity  is  limited  to  about  two  weeks.  With  each  repetition 
of  the  injection  there  is  a  restoration  of  the  immunity. 
The  duration  of  immunity  as  estimated  in  animal  tests 
has  been  also  proved  in  man  by  the  exposure  of  persons 
during  epidemics.  The  long  retention  of  antitoxin  in 
the  bodies  of  animals  of  the  same  species  as  the  one  pro- 
ducing it,  proves  it  to  be  a  true  cell  product. 

THE    VALUE    OF    ANTITOXIN    IN    THE    PREVENTION    AND 

TREATMENT  OF  DIPHTHERIA 

I  shall  first  consider  the  results  with  which  I  have 
been  personally  familiar.  The  experience  that  we  have 
had  in  New  York  in  the  immunization  of  persons  sub- 
jected to  danger  of  infection  has  been  very  extensive. 

The  health  department  inspectors  immunized  four- 
teen thousand  six  hundred  persons  last  year.  These 
were  all  exposed  to  contact  with  diphtheria.  In  the  last 
three  years  over  thirty-five  thousand  cases  have  been 
treated  without  a  single  serious  accident.  Very  few  of 
these  contracted  diphtheria  and  not  a  single  one  died  of 
the  disease.  In  over  100,000  persons  immunized  since 
the  introduction  of  antitoxin  there  has  been  but  one 
known  fatality  due  to  the  serum  injection.  This  child 
suffered  from  status  lymphaticus  and  died  shortly  after 
an  injection  of  1,000  units.  This  was  four  years  ago 
and  followed  an  injection  of  serum  which  had  not  been 
refined.  The  sister  of  the  child  received  5,0Q0  units 
from  the  same  vial  and  suffered  no  deleterious  after- 
effects. 

Two  occasions  in  which  the  immunizing  value  of  the 
antitoxin  was  strikingly  manifested  are  the  following: 
The  first  was  in  an  epidemic  that  was  raging  in  a  large 
institution  for  children.  It  broke  out  in  the  fall  of  1894, 
a  few  weeks  before  we  obtained  our  first  antitoxin. 
Every  endeavor  was  made  to  isolate  not  only  the  sick,, 
but  also  those  from  whom  diphtheria  bacilli  were 
obtained.  These  measures  proved  to  be  insufficient  and 
three  or  four  new  cases  developed  daily.  The  danger  ta 
the  children  was  so  great  that  we  decided  to  use  the 
greater  part  of  a  small  consignment  of  antitoxin  which 
we  at  that  time  obtained  from  Germany.  All  the  chil- 
dren were  given  a  moderate  injection  (300  units).  The 
epidemic  ceased  at  once  and  no  new  case  developed  after 
the  day  of  the  injections  for  a  full  ten  days  when  one 
mild  case  developed.    This  summer  an  epidemic  started 
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in  a  large  insane  asylum  near  New  York  City.  Within 
six  days  of  the  discovery  of  the  first  case,  many  devel- 
oped. These  were  not  only  among  patients,  but  also 
among  the  doctors  and  nurses.  As  rapidly  as  possible 
over  two  thousand  persons  were  given  1,000  units  of 
antitoxin.  No  immunized  person  was  attacked  and  the 
epidemic  was  stopped  within  less  than  a  week.  Similar 
experiences  to  those  we  have  had  in  New  York  City  have 
been  met  with  wherever  antitoxin  has  been  used. 

TREA'TMENT 

The  value  of  antitoxin  in  the  treatment  of  disease  is' 
not  so  readily  determined  as  in  the  prevention.  Our 
experimental  tests  in  animals  show  that  as  &oon  as  anti- 
toxin enters  the  blood-stream  it  neutralizes  any  toxin 
present,  but  that  it  only  slowly  passes  through  the 
capillaries  to  reach  any  toxin  which  has  passed  out  pre- 
viously or  is  still  retained  in  the  mucous  membranes  at 
the  site  of  the  disease.  When  antitoxin  is  subcutaneously 
injected  it  is  absorbed  quickly  enough  to  render  the 
blood-current  feebly  antitoxic  within  a  few  minutes,  but 
strongly  so  only  after  several  hours,  for  the  antitoxin  is 
apparently  chemically  allied  to  the  globulins  and,  like 
them,  is  slowly  absorbed.  Animal  tests  have  demon- 
strated that  by  injecting  antitoxin  into  the  vein  of  a 
patient,  we  immediately  stop  further  passage  of  toxin 
from  the  blood-stream,  and,  within  a  short  time,  we 
neutralize  any  toxin  in  the  tissue  fluids  and  so  prevent 
further  injury  of  cells  whether  situated  at  the  point  of 
disease  or  at  distant  parts.  Animal  experiments  give  us 
no  reason  to  believe  that  cellular  injury  already  accom- 
plished can  be  remedied.  Antitoxin  is  really  therefore 
a  preventive  of  further  poisoning  and  cannot  restore  to 
health  those  who  have  suffered  irreparable  injury,  any 
more  than  rescuing  from  the  fire  can  save  one  from 
death  who  has  .been  burned  to  an  extent  incompatible 
with  continued  life.  Animal  experiments  give  us  reason 
to  expect  that  in  cases  of  diphtheria  treated  early,  the 
lesions  will  not  advance.  In  e?irly  cases  the  patients  will 
recover  and  in  the  more  advanced  cases  they  will 
improve  at  least  locally,  but  in  many  cases  they  will  die 
from  paralysis  due  to  the  progress  of  degeneration  from 
previous  injury  or  complications  such  as  pneumonia, 
due  to  bacteria,  tlio  toxins  of  wliich  are  not  neutralized 
by  diphtheria  antitoxin. 
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RESULTS  OF  ANTITOXIN  TREATMENT 

It  is  now  sixteen  years  since  the  antitoxin  treatment 
of  diphtheria  began  to  be  used.  At  first  only  a  small 
percentage  of  the  patients  received  the  treatment,  but 
steadily  year  by  year  a  greater  proportion  of  patients 
were  injected  with  serum  until  now  probably  90  per 
cent,  of  all  cases  are  treated  with  antitoxin.  The  cases 
treated  in  one  year  in  the  United  States  equal  at  least 
one  hundred  thousand  and  those  treated  in  Europe  must 
total  nearly  one  quarter  of  a  million  more.  If  antitoxin 
is  of  real  value,  we  shall  find  as  it  becomes  more  used, 
a  lessened  number  of  deaths,  and  an  increasing  con- 
sensus of  medical  opinion  in  its  favor. 

THE   ABSOLUTE   MORTALITIES  DURING   A   LONG   SERIES   OF 

YEARS  IN  LARGE  CITIES  AS  AN  INDEX  OF  THE  VALUE 

OF  ANTITOXIN  TREATMENT 

Of  all  methods  at  present  available,  perhaps  the  least 
open  to  error  is  a  comparison  of  the  absolute  number  of 
deaths  per  100,000  before  and  after  the  introduction  of 
antitoxin. 

To  be  of  value,  statistics  of  this  kind  must  cover  a 
long  period  of  years.  While  this,  of  course,  is  true  for 
all  kinds  of  statistics  it  is  particularly  important  in 
diphtheria  in  which  mortality  figures  move  up  and 
down  in  irregular  waves.  These  irregularities,  however, 
become  apparent  only  when  a  considerable  number  of 
years  are  taken  into  account.  For  example,  in  the  six 
years  ending  1882,  the  average  of  deaths  per  100,000 
from  diphtheria  and  croup  was  always  above  140  in  Bal- 
timore, and  reached  200  or  over  in  three  of  these  years. 
In  the  seven  years  following,  the  mortality  fell  sharply 
and  continuously  until  it  reached  its  lowest  point  in 
1889,  when  it  was  52  per  100,000 ;  yet  no  difference  in 
treatment  occurred  in  1882. 

Care  must  therefore  be  taken  to  secure  readings  which 
do  not  constitute  merely  a  part  of  an  epidemic,  unless 
due  allowance  be  made  for  this  fact.  In  order  to  dis- 
tinguish epidemics,  it  is  necessary  to  know  the  average 
number  of  deaths  for  many  years.  Lack  of  this  knowl- 
edge was  the  weak  point  in  a  number  of  earlier  statistic 
studies  and  was  made  use  of  by  the  opponents  of  serum 
therapy.  Further,  statistics  of  this  kind  ought  to  be 
taken  mainly  from  the  large  cities,  for  reports  of  deaths 
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are  usually  indifferently  kept  in  the  rural  districts.  It 
must  also  be  remembered  that,  at  first,  antitoxin  was 
used  in  only  a  minority  of  the  cases  and  often  at  too  late 
a  stage  of  the  disease. 

In  compiling  the  following  statistics,  therefore,  we 
have  taken  only  cities  having  over  125,000  inhabitants, 
in  which  the  registration  of  deaths  has  long  been 
eflScient.  Apart  from  these  two  points  the  cities  were 
taken  at  random,  some  from  the  United  States,  some 
from  Great  Britain,  and  the  remainder  from  the  conti- 
nent of  Europe.  The  figures  are  in  all  cases  from  the 
official  records  and  are,  with  the  exception  of  Paris,  the 
combined  "diphtheria'^  and  "croup''  figures.  In  order 
to  overcome  the  fluctuations  commonly  seen  in  diph- 
theria mortalities,  we  have  gone  back  to  1878,  i.  e., 
fifteen  years  prior  to  the  introduction  of  antitoxin,  and 
have  carried  our  figures  up  to  December  31,  1905,  i.  e., 
ten  years  after  the  use  of  antitoxin.  We  believe  that  the 
evidence  thus  obtained  of  the  great  value  of  diphtheria 
antitoxin  is  overwhelming.  The  figures  obtained  by  us 
of  the  deaths  in  a  number  of  the  cities  up  to  the  present 
year  show  a  continuous  lessening  in  the  deaths. 

Before  giving  the  combined  figures  of  many  cities,  we 
shall  give  those  for  New  York  City  since  1860  and  some 
for  England  and  Wales  and  London.  The  English 
figures  are  especially  interesting  as  there  has  been  much 
discussion  of  the  results  in  England.  The  conditions 
there  were  somewhat  peculiar.^  The  antitoxin  treat- 
ment was  slower  in  being  adopted  than  in  continental 
Europe  and  America.  Then  again,  diphtheria  had  been 
increasing  for  a  couple  of  years  and  this  epidemic  influ- 
ence continued  until  1899.  The  fact  that  during  the 
earlier  years  membranous  croup  was  not  reported  as 
diphtheria  and  later  was  included  with  it,  made  it  pos- 
sible to  mislead  by  quoting  only  those  reported  as  diph- 
theria.   This  subject  has  already  been  fully  considered. 


STATISTICS    FROM    NEW 

YORK 

CITY 

Deaths  from  Diphtheria 

Deaths 

and  Croup  in 

the 

Old 

Per 

Year 

City  of  New 

York 

100,000 

1878 

1,506 

132 

1879 

1,193 

101 

1880 

2,300 

190 

1881 

3,287 

264 

1882 

2,254 

184 

1883 

1,653 

125 

1.  Thirty-Ninth  Annual  Report  of  the  Local  Government  Board 
for  1909-10,  Appendix  A,  No.  1,  pp.  6  and  7. 
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Deaths  from  Diphtheria 
and  Croup  in  the  Old 
Year  City  of  New  York 

1884  1,838 

1885  1M8(> 
188G  2,(59r. 

1887  3,056 

1888  2,553 

1889  2,291 

1890  1,783 

1891  1,970 

1892  2,105 

1893  2,558 

1894  2,870* 
1895*  1,976* 

1896  1,763 

1897  1,590 

1898  923 

1899  1,085 

1900  1,276 

1901  1,227 

1902  1,142 

1903  1,270 

1904  1,270 

1905  860 

1906  983 

1907  1,015 

1908  1,097 

1909  1,065 

1910  1,034 
1911t  787 


Deaths 

per 
100,000 

136 

158 

188 

206 

167 

146 

110 

118 

123 

145 

158* 

105* 

91 

81 

46 

53 

62 

58 

53 

56 

57 

38 

39 

40 

41 

'^9 


o 


t  Estimated  for  last  four  months. 
♦  The  Antitoxin  Laboratory  established  in   the 
Free  distribution  to  the  poor  begun  early  in  1895. 


37 

28 

autumn   of   1894. 


The  deaths  during  the  first  eight  months  of  1911  are 
24  per  cent,  less  than  during  the  same  period  of  1910. 
Tf  this  improvement  continues  the  death-rate  will  be 
28,  or  about  one-fifth  of  the  average  before  the  introduc- 
tion of  antitoxin.  In  the  whole  city  of  New  York,  there 
were  reported  from  January  1  to  April  1,  1911,  4,198 

DIPHTHERIA    IN    LONDON 


London 

Hospitals  of  Metropolitan's 

Asylum's  Board. 

Mortality  Percentage  in 

Year 

Rates  per  1,000  Persons 

Living 

Diphtheria  Cases 

Treated  in 
Hospital  ♦ 

Notifications    Deaths  ♦ 

1892 

1.96 

.44 

29:3 

1893 

3.18 

.74 

30.4 

1894 

2.58 

.61 

29.3 

1895** 

2.57 

.52 

22.8 

1896 

3.07 

..jO 

21.2 

1897 

2.97 

.50 

17.7 

1898 

2.66 

.39 

15.4 

1899 

3.05 

.43 

13.9 

1900 

2.66 

.34 

12.3 

1901 

2,68 

.29 

11.1 

1902 

2.31 

.25 

11.0 

1903 

1.68 

.16 

9.7 

1909 

1.39 

.120 

9.8 

This  table  is  from  page  7  of  Appendix  A  of  thirty-ninth  annual 
report  of  the  local  government  board, 

♦  These  figures  Include  those  dying  from  "membranous  croup." 
♦•  Introduction  of  antitoxin  treatment. 
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cases,  and  411  deaths  as  agalDst  1,957  cases  and  597 
deaths  in  1910.  The  case  fatality  was  thus  only  9.8  per 
cent,  as  eonipared  with  13  per  cent. 

From  the  last  registrar  general's  report  we  find  that 
there  were  in  England  and  Wales  8,609  deaths  in  1889, 
10,516  deaths  in  1894,  10,301  deaths  in  1899  and  5,889 
deaths  in  1908  from  diphtheria  and  membranous  croup. 
The  death-rate  in  1889  was  30.3;  in  1894,  34.7;  in  1899, 
38.4,  and  in  1908,  16.6  per  100,000. 


ComWnerf  ila 

d  death 

ratee  fro 

nv  diphtheria  and 

roup  in  New  York.  Brooklyn,  Bo 

ton 

Pitttburah. 

Bal 

PMla- 

detpMa, 

Berlin, 

Cologne,    Brealau 
hondou,  Glaagovi 

Dre$d 

n    Ham 

Munich, 

nenna 

Hi 

erp 

oi.  Paris 

Pt 

an*/u 

t. 

Deaths 

Diphtheria 

Tear 

Population 

a  Croup 

00,000 

1890 

6.626.136 

11.059 

66.9 

1891 

7.689,  46 

12.380 

1802 

8,330.  37 

14.200 

77:5 

1893 

8.467,070 

15.726 

80.4 

1894 

15,125 

79.0 

1895* 

10:143;  88 

10,657 

55.6 

1896 

9,651 

40,5 

18fl7 

loisoo:  29 

8,942 

45,2 

1808 

20.037,   18 

36,7 

1809 

20.358,  57 

7)256 

36.6 

I90O 

20,764.  14 

32.7 

inoi 

20.874,   72 

6;i04 

29.2 

1902 

21.652.  98 

26.1 

1903 

21,865.299 

51117 

23.4 

1904 

22,532.  48 

21.8 

1005 

22,790.  00 

41323 

19.0 

*  Introduction  of  BDtitoxIn  ti 
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We  see  from  these  figures  that  although  there  were 
marked  fluctuations  in  the  absolute  mortality  per 
100,000  in  the  pre-antitoxin  years,  in  no  period  did  all 
of  the  cities  show  a  decrease.  Thus  in  1884  about  half 
of  the  cities  show  a  decline  and  the  other  half  an  increase 
in  mortality;  the  same  is  true  for  1888.  Not  until  we 
come  to  the  critical  year,  1894,  do  we  find  almost  all  the 
cities  showing  a  like  behavior,  a  drop  in  the  mortality 
per  100,000.  This  drop,  moreover,  has  continued  until 
the  present  time.  The  difference  between  79.9  per  cent, 
in  1894  and  17  per  cent,  in  1907  is  so  great  and  the 
time  of  the  beginning  of  the  decrease  so  coincident  with 
the  introduction  of  the  antitoxin  treatment  that  it  is  dif- 
ficult to  attribute  any  other  explanation  than  that  the 
saving  of  life  was  due  to  antitoxin. 

THE   RESULTS   OBTAINED   IN   HOSPITALS  AND  ELSEWHERE 
IX  THE  YEARS  BEFORE  AND  AFTER  THE  INTRODUC-    • 

TION  OF  ANTITOXIN 

The  figures  from  the  London  hospitals  have  already 
been  given.  They  show  that  a  mortality  of  29  per  cent, 
has  been  reduced  to  about  10  per  cent. 

The  Boston  City  HospitaP  has  had  a  similar  ex- 
perience. Before  the  use  of  antitoxin  about  70  per  cent, 
of  the  patients  presenting  intubation  cases  died;  now 
only  about  35  per  cent.  die. 

At  the  Hospital  for  Contagious  Diseases  in  New  York 
City  very  few  patients  having  membranous  croup  die 
unless  they  develop  pneumonia.  We  have  little  fear  of 
the  outcome  in  any  uncomplicated  case  of  diphtheria 
which  receives  the  antitoxin  earlv. 

DEATH-RATE    ACCORDING    TO    DAY    OF    INJECTION 

Death-Rate 

218  cases  treated  on  first  day ,. . 

1,153  cases  treated  on  second  day 4.59 

880  cases  treated  on  third  day 12.50 

598  cases  treated  on  fourth  day 16.40 

351  cases  treated  on  fifth  day 14.24 

694  cases  treated  after  fifth  day 14.15 

Total,  3,894  cases 10.57 

Similar  results  have  been  obtained  by  physicians  in 
Europe  and  America  both  in  hospitals  and  private  prac- 
tice.   The  results  are  much  the  best  in  cases  of  patients 

2.  See  article  by  Park  and  Bolduan,  quoting  from  McCollom's 
1905  report. 
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treated  early  in  the  disease.  Eoyer^  has  analyzed  3,894 
cases  of  diphtheria  in  which  the  patient  received  anti- 
toxin treatment  as  to  the  results  according  to  the  day  on 
which  treatment  was  begun. 

THE    SIMULTANEOUS    OBSERVATION    OF    CASES    OF    DIPH- 
THERIA RECEIVING  AND  NOT  RECEIVING  THE 
ANTITOXIN  TREATMENT 

Fibinger*  observed  during  a  period  of  time  a  series 
of  cases  of  alternate  patients  treated  with  and  without 
antitoxin. 

Among  238  patients  treated  with  antitoxin,  8  died 
(mortality  3  per  cent.). 

Among  245  patients  treated  without  antitoxin,  30  died 
(mortality  12  per  cent.). 

This  method,  however,  for  obvious  reasons  cannot  be 
extensively  used.  We  made  in  1895  a  similar  test  at  the 
Willard  Parker  Hospital,  but  the  difference  in  the 
behavior  of  the  patients  appeared  to  us  to  be  so  greatly 
in  favor  of  those  treated  with  antitoxin  that  the  test 
after  six  weeks  was  stopped  and  all  patients  since  thai 
time  have  received  antitoxin. 

A  POSSIBLE  DECLINE  IN  THE  VIRULENCE  OF  THE  DISEASE 

The  observation  of  the  cases  of  patients  who  come  to 
us  without  having  had  antitoxin  treatment,  indicate  that 
there  has  been  no  marked  change  in  the  average  viru- 
lence of  the  disease.*^ 

THE  EXTENT  TO  WHICH  ANTITOXIN  IS  USED 

The  observations  made  under  the  direction  of  the 
Department  of  Health  show  that  in  New  York  City 
almost  every  physician  uses  antitoxin.  There  are  a  good 
many  patients  among  the  poorest  classes  which  do  not 
receive  antitoxin  early,  but  this  is  because  a  physician 
has  not  been  called  to  see  the  child. 

The  health  authorities  of  all  the  northern  states  have 
arrangements  for  making  antitoxin  available  either  for 
the  poor  or  for  all  classes.  So  far  as  I  can  determine 
there  is  no  hispital  for  the  care  of  diphtheria  patients 
in  any  part  of  the  world  in  which  diphtheria  antitoxin 
is  not  used. 

8.  Modern  Treatment,  Hare,  p.  815. 

4.  Reported  by  Faber,  1904. 

5.  See    chapter    on    Mortality    in    Bacteriology    of    Diphtheria, 
Nuttall  and  Graham  Smith,  p.  594. 
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AFTER-EFFECTS    OF   SERUM    INJECTION 

Serum  carrying  the  antitoxin  is  apt  to  produce  after- 
effects of  varying  intensity.  These  effects  are  due  chiefly 
or  altogether  to  the  serum  and  not  to  the  antitoxin  or 
other  antibody  which  it  carries,  which  is  proved  by  the 
fact  that  serum  containing  no  antibodies  gives  the  same 
symptoms.  This  fact  is  of  importance,  and  has  led  to 
the  elimination  of  much  of  the  useless  serum  elements. 

FIRST   INJECTION 

Von  Pirquet  and  Schick  have  given  the  name  "serum 
sickness"  to  the  symptoms  caused  by  an  injection  of 
serum.  After  an  incubation  period  which  usually  covers 
from  five  to  twelve  days,  local  redness  and  itching  or 
swelling  surrounded  by  urticarial  wheals  develop.  This 
is  followed  by  swelling  of  the  lymph  nodes,  fever,  a  rash 
which  may  spread  over  the  body,  edema  and  swelling  of 
the  joints.  These  symptoms  all  develop  only  in  severe 
cases,  various  combinations  occur,  and  one  or  another 
symptom  may  be  most  prominent.  In  the  great  majority 
of  cases,  the  rash  is  the  most  prominent  symptom  and 
is  best  likened  to  an  attack  of  ^4iives'^  and  is  of  no  more 
seriousness. 

Only  about  20  per  cent,  of  those  injected  with  serum 
develop  a  rash  and  in  many  cases  only  a  local  reaction 
occurs. 

In  a  few  cases,  the  reaction  occurs  more  quickly.  An 
immediate  general  reaction  is  very  rare.  This  imme- 
diate general  reaction  may  be  severe  and  alarming;  in  a 
very  few  instances  it  has  been  fatal. 

Not  all  the  cases  described  as  fatalities  due  to  the 
serum  will  stand  close  investigation.  Some  are  clearly 
due  to  heart  paralysis  caused  by  the  diphtheria  toxemia, 
and  in  some  the  cause  is  doubtful.  These  serious  acci- 
dents have  been  mostly  in  adults  and  many  of  the  oases 
were  asthmatics.  How  rarely  this  occurs  is  seen  from 
our  own  experience  in  New  York,  City,  already  referred 
to,  where  only  two  fatalities  occurred  since  the  intro- 
duction of  antitoxin.  If  we  refer  to  the  number  of 
deaths  from  diphtheria  in  nineteen  cities  for  1894  and 
1904  we  find  there  is  a  reduction  of  over  10,000.  On 
this  basis,  one  is  safe  in  estimating  that  the  daily  savin? 
of  life  by  antitoxin  is  greater  than  the  total  number  of 
fatalities  due  to  its  use  during  the  entire  sixteen  years 
since  its  introduction.     Further,  the  danger  from  im- 
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mediate  general  reactions  is  fortunately  almost  nil  in 
young  children.  It  is  in  them  that  the  disease  causes 
the  greatest  loss  of  life,  and  antitoxin  must  be  used 
most  freely. 

SECOND  INJECTION 

Arthus,  in  1903  at  the  instigation  of  Lichet,  investi- 
gated the  results  of  repeated  injections  of  horse  serum 
into  rabbits.  Eosenau  and  Anderson,  Otto  and  others 
observed  the  results  in  guinea-pigs.  They  found  that 
serum  itself  gave  no  toxic  effects  on  the  first  injection, 
but  if  a  certain  time  was  allowed  to  elapse  the  succeed- 
ing injections  were  toxic.  Von  Piquet  also  found  that 
when  a  second  injection  in  man  gave  symptoms,  these 
came  on  much  more  quickly,  at  times  immediately,  in- 
stead of  occurring  after  an  incubation  period  of  some 
days.  An  interval  of  about  ten  days  must  elapse  between 
two  injections  for  this  change  in  reaction  to  become 
evidept. 

With  this  interval  coming  between,  the  second  injec- 
tion in  man  is  apt  to  be  followed  by  a  local  reaction  in  a 
few  hours  and  a  general  reaction  within  twenty-four 
hours.  In  some  cases  the  reaction  comes  on  in  a  few 
minutes.  These  reactions  may  in  some  cases  be  much 
more  violent  than  reactions  following  the  first  injection ; 
in  some  instances  they  have  been  alarming.  The  most 
important  point,  however,  is  the  change  in  the  time  of 
reaction. 

THE  FREQUENCY  OF  SERUM  REACTIONS 

The  frequency  of  serum  reactions  increases  somewhat 
with  the  size  of  the  dose;  thus  Weaver^  reports  that  11 

6.  Arch.  Int.  Med.,  1909,  iii,  485. 

per  cent,  of  those  receiving  less  than  10  c.c.  of  serum 
showed  reactions,  while  27  per  cent,  developed  symptoms 
when  between  10  and  20  c.c  were  given.  The  serum  of 
some  horses  is  more  apt  to  cause  a  rash  than  that  of 
others;  further,  some  people  react  more  readily  than 
others. 

ERADICATION   OF   AFTER-EFFECTS 

The  first  method  that  would  occur  to  anyone  would  be 
to  give  as  much  antitoxin  as  possible  with  a  minimum  of 
serum.  One  way  to  do  this  is  to  have  very  high  potency 
serum  so  that  little  need  be  used.  If  we  could  separate 
the  antitoxin  from  the  serum  elements  this  would  be  the 
ideal  way.  A  long  step  in  this  direction  has  been  taken. 
The  antitoxin  is  bound  up  with  a  portion  of  the  globu- 
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lins.  These  are  separated  from  the  other  constituents, 
giving  a  refined  and  concentrated  antitoxin.  In  this  way 
a  large  number  of  units  can  be  given  in  a  small  bulk, 
and  naturally  less  foreign  proteid  than  if  the  same 
number  of  units  had  been  given  in  the  original  serum. 

This  globulin  solution  containing  antitoxin  can  be 
injected  with  much  less  tendency  to  produce  serum  after- 
effects. 

After-effects  do  still  occur,  and  in  rare  instances  are 
serious,  but  compared  with  the  benefits  of  antitoxin,  viz., 
in  the  prevention  of  diphtheria  and  the  saving  of  thou- 
sands of  lives  yearly,  they  are  very  small  indeed.  There 
is  every  possibility  that  with  further  experimental  work, 
based  on  animal  tests,  the  antitoxin  will  be  obtained  in 
a  practically  pure  state,  and  that  even  these  few  un- 
toward effects  will  be  wholly  eliminated. 

315  West  Seventy-Sixth  Street. 
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'The  humanity  which  would  prevent  human  suffering  is  a  deeper 
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death  to  animals.*' — Charles  W.  Eliot. 
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PAMPHLETS  ON 

Medical  Fakes  and  Fakers 

Consumptloti  Cure  Fakes 

The  ten  different  preparations  discussed  in  this  pam- 
phlet were  originally  dealt  with  in  The  Journal  of 
the  American  Medical  Association.  The  matter  has 
been  somewhat  elaborated,  several  illustrations  added 
and  the  whole  reprinted  and  attractively  bound  in  stiff 
paper  cover.    The  various  fakes  dealt  with  are : 


AU'SOl  (Lloyd J  * 

Nature^s  Creation  * 

J.  Lawrence  Hill,  M.D* 

Hoffa  Cure 

tSartoHn 

International  Institute  * 


Lung  Qermine  * 

Tonkermann'a  "Tuherculo- 
zyne"  * 

WiUon'a  Cure 

Oatidaze — Oleozone — Hydro- 
cine  * 


Rupert  Well8  * 
O.  M,  Curry  • 
Drs.  Mixer  * 


[*This  matter  also  appears  in  individual  pamphlet  form,  price  4  cents] 

Canoer  Fakes 

The  United  States  government  has,  within  the  last 
two  or  three  years,  investigated  a  number  of  concerns 
exploiting  so-called  cures  for  cancer..  In  practically 
every  case  these  companies  have  been  declared  fraud- 
ulent and  the  use  of  the  United  States  mails  denied 
them.  This  pamphlet  contains  the  exposes  of  the  fol- 
lowing concerns : 

Dr.  and  Mrs.  Chamlee  d  Co.* 
B.  F.  Bye     1 
W.  O.  Bye     \* 
Toxo-Absorhent  Company  *  L.  T.  Leach] 

[*This  matter  also  appears  in  individual  pamphlet  form,  price  4  cents] 

Medical  Institutes 

Some  of  the  crudest  frauds  perpetrated  by  quacks 
are    those    carried    on    under    tne    name    of    Medical 
Institutes.     This  pamphlet  deals  with  three  frauds  of 
this  kind- 
Wisconsin  Medical  Institute        Epit^ptic  Institute 
Boston  and  Bellevue  Institute 

Convictions  Under  the  Food  and  Drugs  Act 

The  convictions  that  the  government  has  obtained 
against  the  adulterators  of  drugs  and  similar  prep- 
arations are  described  technically  in  official  documents 
known  as  ^'Notices  of  Judgment."  One  hundred  and 
forty-eight  of  these  cases  are  here  abstracted  in  popu- 
lar form. 
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OBSERVATION   AND   EXPERIMENTATION 

Two  ways  are  open  to  us  for  obtaining  a  knowledge  of 
Nature:  We  mav  merely  watch  natural  events  as  they 
occur,  or  we  may  arrange  conditions  so  that  the  events 
will  appear  or  disappear,  or  be  modified,  as  we  may  wish. 
For  example,  the  growth  of  wheat  we  may  study  care- 
fully in  different  native  surroundings,  or  we  may  place 
the  wheat  where  we  can  at  will  examine  the  effect  on  it 
of  heat  and  cold,  sunlight  and  darkness,  wind,  gravity, 
drought  and  the  chemicals  of  the  soil,  as  these  various 
agen<3ies  affect  its  growth  and  productiveness.  The 
former  method  is  purely  observational,  the  latter  is 
experimental.  The  experimental  method,  in  which  the 
conditions  to  be  observed  are  under  control,  is,  in  the 
main,  the  distinguishing  procedure  of  modern  science. 

There  is  nothing  mysterious  about  experimentation. 
The  method  implies  first  that  study  of  natural  eyents 
suggests  certain  explanations  for  their  occurrence,  as,  for' 
example,  that  lime  in  the  soil  or  high  temperature  makes 
hard  wheat,  and  that  the  cautious  person,  instead  of 
immediately  accepting  suggested  explanations  as  true^ 
prefers  to  put  them  to  test. 

Of  the  two  methods  of  learning  about  Nature,  the- 
experimental  has  proved  much  more  fruitful  than  the 
purely  observational,  chiefly,  I  think,  because  experimen- 

*  In  this  paper  is  summarized  evidence  which  has  been  presentcct 
in  detail  in  pamphlets  published  by  the  Bureau  for  the  Protection 
of  Medical  Research  of  the  Council  on  Health  and  Public  Instruc- 
tion of  the  American  Medical  Association.  These  pamphlets,  written 
by  experts  In  the  several  fields,  arc  referred  to  in  the  present  paper 
and  should  be  consulted  by  persons  desiring  further  information.  'A 
price-list  will  be  sent  on  application  to  the  American  Medical.  Asso- 
elation. 


tation  is  concerned  with  means  of  controlling  natural 
forces.  The  different  sciences,  however,  are  subject  to 
the  application  of  the  experimental  method  in  different 
degrees.  Most  subject  to  it  are  chemistry  and  physics, 
since  of  all  the  natural  sciences  they  are  most  simple. 
As  a  result  of  the*  employment  of  exnerimentation, 
astounding  advances  have  been  made* during  the  past 
hundred  years .  in  chemistry  and  physics,  and  in  their 
industrial  applications.  All  about  us  are  innumerable 
instances  of  the  practical  benefits  that  have  flowed  from 
the  experimental  study  of  Nature  in  its  physical  and 
chemical  aspects.  I  need  mention  only  the  telephone, 
the  telegraph  and  wireless  telegraphy,  steam  and  gas  and 
electric  engines,  to  indicate  how  prodigious  have  been 
the  transformations  in  civilized  society  wrought  by 
])ractical  utilization  of  the  scientific  discoveries. 

There  are  other  sciences,  however,  that  do  not  lend 
themselves  so  readily  to  investigation  by  experiment.  In 
consequence  our  understanding  of  them  is  still  very 
defective.  Some  phases  of  geology,  for  example,  fall 
into  this  class.  It  has  been  pointed  out  that  we  to-day 
know  little  more  about  the  mechanism  of  the  volcano 
than  Pliny  when  he  watched  the  eruption  of  Vesuvius 
that  destroyed  Pompeii.  We  cannot  control  the  con- 
ditions of  volcanic  action  experimentally,  and  therefore 
have  only  the  simple  observational  method  to  apply. 

THE    EXPERIMENTAL    STUDY    OF    DISEASE 

In  medicine,  also,  the  growth  of  our  knowledge  was 
similarly  limited,  until  about  the  middle  of  the  last 
century.  Up  to  that  time  disease  had  been  studied 
mainly  by  observation  of  sick  people.  To  account  for 
sickness  all  sorts  of  theories  were  advanced,  such  as  bad 
air,  the  influence  of  stars,  and  mysterious  humors  and 
miasms;  but  these  theories  were  subjected  to  almost  no 
experimental  test.  Of  course,  the  highly  complex  char- 
acter of  living  creatures  made  the  beginninijs  of  experi- 
mental medicine  difficult,  for  not  only  do  living  beinsrs 
r\xist  together  in  very  complicated  biologic  relations,  but 
fach  one  is  an  extremely  complex  structure,  with  obscure 
processes  going  on  within  it.  In  spite  of  these  difficul- 
ties, however,  the  experimental  method  began  about  1850 
to  be  applied  systematically  to  the  study  of  disease,  and 
during  the  sixty-odd  years  since  tlien  all  manner  of 
medical  and  surgical  problems  have  been  experimentally 
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investigated.  What  has  been  the  result?  According  to 
Osier,  the  experimental  study  of  physiology  and  path- 
ology during  the  second  half  of  the  last  century  did  more 
to  emancipate  medicine  from  the  routine  and  thraldom 
of  tradition  than  all  the  work  of  all  the  physicians  from 
the  days  of  Hippocrates  (460  B.  C.)  to  Jenner  (1749- 
1823).     . 

In  that  marvelous  period  of  transformation  of  medical 
knowledge  and  practice  the  most  fundamental  discovery 
was  that  of  the  relation  between  microorganisms  and 
disease.  Pasteur,  whose  name  will  be  forever  linked  with 
this  discovery,  was  a  chemist  who  became  interested  in 
conditions  which  produce  bad  taste  in  wines.  In  the 
"diseased'^  wines,  as  they  were  called,  he  found  unusual 
microorganisms.  "Did  they  occasion  the  bad  taste?"  he 
asked.  To  test  this  idea,  it  was  only  necessary  to  intro- 
duce some  of  these  minute'plant  growths  or  germs  into 
good  wines.  This  he  did,  whereupon  these  wines  also 
were  rendered  distasteful,  and  thus  Pasteur's  idea  was 
substantiated.  Later,  when  his  atte-ntion  was  called  to  a 
disease  in  silkworms,  he  again  found  microorganisms 
present  and  thought  that  here,  also,  they  might  be  the 
source  of  the  trouble.  Applying,  as  before,  the  test  of 
experiment,  he  introduced  the  microorganisms  into 
healthy  silkworms  and  succeeded  in  reproducing  in 
them  the  same  disturbance.  .  In  this  case  the  disease  was 
no  less  certainly  the  product  of  the  germ  than  the  oak 
is  the  product  of  the  acorn. .  The  idea  that  all  infectious 
diseases  result  from  these  microscopic  invaders  was  a 
natural  and  logical  next  step.  Tlius  originated  the  bac- 
terial theory  of  infection. 

This  theory  was  soon  tested  experimentally  by  many 
investigators,  who  studied  not  only  afflictions  of  the  lower 
animals,  but  also  those  of  man.  And  by  the  numerous 
proofs  that  were  accumulated,  the  theory  became  so 
firmly  established  that  we  now  no  longer  speak  of  the 
bacterial  "theory"  but  of  the  bacterial  or  parasitic  origin 
of  infectious  diseases. 

TUBERCULOSIS 

The  study  of  diseases  which  we  recognize  in  human 
beings  is  of  special  interest.  First  in  importance  among 
these,  perhaps,  is  tuberculosis.  Klencke  (1843)  and 
Villemin  (1865)  had  shown  that  "tubercle"  was  infec- 
tious by  injecting  into  rabbits  tuberculous  tissue  and 


sputum  and  thus  inducing  the  disease,  but  its  real  nature 
was  not  clear  until  Koch,  in  1882,  announced  the  dis- 
covery of  the  genn  always  found  with  the  disease,  the 
tubercle  bacillus.  The  proof  that  this  germ  is  the  cause 
of  tuberculosis  Koch  obtained  entirely  by  carefully  con- 
trolled experiments  on  animals.  He  separated  the  bac- 
teria from  tuberculous  tissues,  made  the  bacteria  grow 
^^pure'^  outside  the  body,  injected  these  pure  cultures 
into  healthy  animals,  thereby  causing  tuberculosis,  and 
then  recovered  from  their  diseased  tissues  bacteria  in  all 
respects  like  the  original.  Conclusive  proof  was  thus 
given  that  tuberculosis  results  from  growth  of  the 
tubercle  bacillus.  All  the  preventive  measures  in  our 
great  modern  campaign  against  the  White  Plague  are 
the  outcome  of  these  and  other  experiments  on  animals. 
The  signs  in  the  street  cars  warning  against  spitting  are 
there  because  animal  tests  proved  that  tuberculous 
sputum  is  infectious. 

Twenty-six  years  ago  Trudeau  observed  that  rabbits 
inoculated  with  tuberculosis  recovered  if  kept  in  the 
open  air  and  supplied  with  abundant  food,  whereas  other 
rabbits  similarly  inoculated  and  placed  in  unfavorable 
conditions  of  light,  air  and  food  succumbed  to  the  dis- 
ease. By  these  observations  belief  in  the  value  of  dietetic 
and  open-air  treatment  was  confirmed ;  and  the  further 
demonstration  of  the  efficacy  of  such  care  of  human 
beings  afflicted  with  tuberculosis  has  led  to  its  universal 
adoption. 

What  have  been  the  results  of  these  researches  .on 
animals  ?  From  them  we  have  learned  that  tuberculosis 
is  not  inherited,  that  it  is  communicable  and  therefore 
preventable,  and  that  in  its  earlier  stages  it  is  curable. 
In  most  countries  the  death-rate  from  pulmonary  tuber- 
culosis has  been  steadily  declining.  In  Boston,  where 
for  twenty  years  before  1882  (when  the  tubercle  bacillus 
was  discovered)  the  death-rate  had  been  about  42  per 
ten  thousand,  it  fell  in  the  subsequent  twenty  years  to 
21  per  ten  thousand.  It  has  since  fallen  to  less  than  18 
per  ten  thousand.  That  decrease  has  meant  a  saving  of 
thousands  and  thousands  of  human  lives  in  the  city  of 
Boston  alone.  Throughout  the  civilized  world  the 
reduction  of  mortality  has  been  incalculably  great. 

The  alternative  to  these  happy  results  has  been  clearly 
stated  by  Trudeau: 
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If  it  were  not  for  the  knowledge  which  science  has  won  by 
animal  experimentation  in  the  field  of  this  disease  in  the  last 
twenty-five  years,  we  should  still  be  plunged  in  the  apathy  of 
ignorance  and  despair  toward  it,  and  tuberculosis  would  still 
be  exacting  its  pitiless  toll  unheeded  and  unhindered.* 

BUBONIC  PLAQUE 

Another  disease  which  has  brought  torment  and  great 
disaster  to  man  is  bubonic  plague.  Any  one  who  has 
read  of  visitations  of  this  horrifying  pestilence  knows 
how  mysteriously  and  how  swiftly  death  spread  among 
large  populations,  and  with  what  awful  terror  it  was 
regarded.  Defoe,  in  his  story,  founded  on  authentic  his- 
torical records,  called  the  ^^ Journal  of  the  Plague  Year,'' 
in  London,  tells  how  the  streets  became  hushed  as  the 
infection  spread  insidiously  from  parish  to  parish,  how 
the  carts  moved  about  at  night  receiving  the  heaped 
bodies  of  the  dead,  and  how  the  bodies  were  dumped  pell- 
mell  and  by  hundreds  into  huge  pits  dug  for  their  burial. 
Thousands  died  week  after  week  in  the  city.  In  the 
presence  of  such  tragedy  the  fright  and*  apprehension  of 
the  people  caused  homes  to  be  abandoned,  friends  to  flee 
from  friends;  and  when  the  disease  developed,  the 
desperate  victims  often  sought  death  by  suicide  or  became 
insane.  "People  in  the  rage  of  the  distemper,''  wrote 
Defoe,  "or  in  the  torment  of  their  swellings,  which  was 
indeed  intolerable,  running  out  of  their  own  govern- 
ment, raving  and  distracted  and  oftentimes  laying  vio- 
lent hands  upon  themselves,  throwing  themselves  out  of 
windows,  shooting  themselves,  mothers  murdering  their 
own  children  in  their  lunacy.''  Such  was  the  plague  in 
London  in  1665,  and  such  it  has  been  in  the  great  popu- 
lations of  the  orient  in  which  it  has  so  often  raged.^ 

The  mystery  of  this  frightful  scourge  was  lifted  when, 
in  1894,  Yersin  and  Kitasato  discovered  the  germ.  Bacil- 
lus pestis,  which  invariably  accompanies  the  disease,  and 
when  later  Simond  and  others  showed,  by  experiments 
on  animals,  that  it  was  spread  among  rats  by  fleas,  and 
could  be  transferred  by  these  same  insects  from  rats  to 
monkeys.  The  rat-flea  also  feeds  on  man  when  its 
natural  prey  is  not  available.  Thus  was  established  the 
biologic  complex  by  which  plague  becomes  infectious. 
The  attitude  of  the  entire  medical  world  toward  the 
plague  was  changed  by  these  discoveries,  for  they  sug- 

1.  Trudeau :    Animal  Experimentation  and  Tuberculosis,  Defense 
of  Research  Pamphlet  II,  1909. 

2.  In  India  alone,  in  the  one  year  1905,  the  number  of  recorded 
deaths  from  plague  was  1,040,429. 
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gested  a  definite  program  for  checking  or  even  a,briiptly 
stopping  an  epidemic*  In  former  times,  when  physicians 
were  baffled,  the  people  in  their  fear  resorted  to  "fortune- 
tellers, cunning  men  and  astrologers,^^  or  placed  their 
faith  in  "antipestilential  pills''  and  "royal  antidotes/*^ 
What  futile  weapons  to  combat  fleas  and  rats !  Now  traps 
are  set,  rookeries  and  vermin-breeding  hovels  are  torn 
down,  and  victims  already  infected  are  isolated,  so  that 
they  shall  not  be  the  cause  of  further  infection.  Through 
such  measures,  where  it  has  been  possible  to  apply  them, 
seriously  threatening  epidemics  of  plague  have  been 
promptly  stopped,  and  the  terror  of  Black  Death  has 
been  largely  abolished.  To  experiments  on  rats,  guinea- 
pigs  and  monkeys  we  are  indebted  for  this  deliverance. 

DIPHTHERIA 

Another  disease  in  which  marvelous  benefits  to  human 
beings  have  been  secured  through  animal  experimenta- 
tion is  diphtheria.  The  peculiar  bacteria  of  this  disease, 
noted  by  Klebs  in  1883,  were  separated  in  pure  culture 
by  Loeffler,  and  were  inoculated  into  guinea-pigs  and 
rabbits.  The  characteristic  whitish,  tough  membrane 
formed  at  the  seat  of  inoculation.  Since  the  bacteria 
were  found  not  at  all  scattered  through  the  body,  but 
only  where  the  membrane  Joined  the  living  tissues,  the 
conclusion  was  drawn  that  death  of  the  animals  was 
probably  due  to  a  poison  or  toxin  produced  by  the  bac- 
teria and  spread  through  the  system  by  the  circulating 
blood.  These  experiments  on  animals  established  for  all 
time  the  role  of  the  diphtheria  bacillus  and  its  toxin  in 
producing  diphtheria. 

An  even  more  practical  discovery  in  connection  with 
this  disease  was  that  of  the  mechanism  of  immunity.  In 
1888,  Eoux  and  Yersin  found  that  if  bouillon  in  which 
diphtheria  bacilli  have  been  growing  is  filtered  and 
injected  into  guinea-pigs,  it  is  highly  poisonous  in  very 
small  doses.  The  inference  that  diphtheria  germs  kill 
by  producing  a  soluble  poison  or  toxin  was  thus  con- 
firmed. Two  years  later,  von  Behring  and  Kitasato,  by 
injecting  first  small,  then  increasing,  doses  of  the  toxin 
into  goats,  discovered  that  the  animals  became  adapted 
or  immune  to  the  poison,  and  farther  that  the  immunity 
depended  on  an  antidote  or  antitoxin  contained  in  the 
blood.     And  still  more  important  and  surprising,  they 
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found  that  blood  taken  from  an  immune  animal  and 
injected  into  normal  animals  would  protect  these  animals 
against  fatal  doses  of  the  toxin,  or  would  evei:i  cure 
animals  that  had  shortly  before  received  the  fatal  dose. 
If  the  toxin  was  mixed  with  some  of  the  protective  blood 
or  serum  outside  the  body,  the  poison  was  completely 
neutralized;  and  this  mixture  of  toxin  and  antitoxin, 
when  injected,  had  no  harmful  effect  whatever.* 

It  is  sometimes  said  by  opponents  of  animal  experi- 
mentation that  the  injection  of  ^^diseased  blood'^  of  an 
animal  into  our  bodies  is  loathsome.  This  feeling,  how- 
ever, indicates  an  entire  misunderstanding  of  the  natural 
processes  by  which  our  bodies  are  protected  against  bac- 
terial poison.  Our  bodies,  when  we  successfully  resist  a 
disease  like  diphtheria,  are  protected  by  the  development 
of  antitoxin  within  us,  precisely  as  the  bodies  of  these 
laboratory  animals  were  protected  against  increasing 
doses  of  toxin.  And  when  we  use  antitoxin  in  treating 
diphtheria  we  merely  take  from  the  blood  of  a  horse, 
which  has  been  rendered  immune  by  injected  toxin, 
.  some  of  the  protective  substance  which  the  animal  has 
developed  and  apply  it  to  increase  the  protective  sub- 
stance which  our  own  bodies  are  producing. 

What  has  been  the  practical  outcome  of  these  experi- 
mental studies  of  diphtheria?  Dr.  Park,  of  the  New 
York  City  Board  of  Health,  has  shown  that  in  1893 
the  death-rate  from  diphtheria  in  nineteen  large  cities 
of  the  world  was  slightly  over  eighty  per  hundred  thou- 
sand population;  in  1895,  when  the  antitoxin  treatment 
was  introduced,  the  rate  began  to  drop  in  almost  all  the 
cities;  and  in  1907  the  rate  had  fallen  from  the  eighty 
per  hundred  thousand  of  1895  to  seventeen  per  hundred 
thousand.  That  this  extraordinary  change  has  come 
gradually  is  explained  by  the  facts  that  antitoxin  was  not 
at  once  universally  employed,  that  the  value  of  large 
doses  was  not  at  first  recognized,  and  that  the  supreme 
importance  of  earlv  treatment  was  not  immediatelv 
demonstrated.  N^umerous  experiences  have  shown  the 
marvelous  effects  of  instant  injection  as  soon  as  the  dis- 
ease appears.  In  the  New  York  City  Hospital  for  Con- 
tagious Diseases  among  218  patients  treated  on  the  first 

4.  A  large  body  of  knowledge,  the  science  of  immunology,  has 
been  built  on  these  and  other  experiments  on  the  resistance  of 
org^inisms  to  Infection.  See  Gay :  Immunology,  a  Medical  Science 
Developed  Through  Animal  Experimentation,  Defense  of  Research 
Pamphlet  XVII,  1910. 
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day  there  were  no  deaths.*^  In  the  Boston  City  Hospital 
there  have  been  during  the  past  sixteen  years,  among 
nurses,  physicians  and  attendants  in  the  contagious 
wards,  431  cases  of  diphtheria.  All  these  persons  have 
received  instant  treatment;  there  has  not  been  a  single 
death.  The  figures  that  have  been  gathered  are  on  so 
large  a  scale,  and  are  so  striking  and  so  precise,  that  it 
is  impossible  to  misunderstand  them.  They  prove  defin- 
itely that  the  antitoxin  treatment  has  saved  from  death 
scores  of  thousands  of  human  beings. 

Death  from  diphtheria  was  formerly  one  of  the  most 
frightful  modes  of  death,  for  the  growing  membrane  led 
to  literal  strangulation.  Here  is  Trousseau's  classic 
description  of  the  disease  as  it  occurred  in  children.  It 
was  written  about  1870. 

The  difficulty  of  respiration  increases  in  severity.  Every 
hour,  or  every  two  or  three  hours,  a  suffocative  fit  comes  on. 
The  suffocative  attacks  follow  one  another  more  rapidly,  and 
become  more  and  more  violent.  From  time  to  time  the  infant, 
in  a  state  of  excitement  which  it  is  impossible  to  describe, 
suddenly  sits  up,  seizes  the  bed- curtains  and  tears  them  with 
convulsive  frenzy;  he  throws  himself  on  the  neck  of  his  mother 
or  of  those  about  him,  embracing  them  and  trying  to  clutch 
whatever  he  can  as  a  something  to  hold  by.  At  other  times 
it  is  against  himself  that  he  directs  his  impotent  efforts, 
grasping  violently  the  front  of  his  neck,  as  if  to  tear  out  from 
it  that  which  is  suffocating  him.  The  puffy,  purple  face  and 
the  haggard,  sparkling  eyes  express  the  most  painful  anxiety 
and  the  most  profound  terror;  the  exhausted  child  then  falls 
into  a  sort  of  stupor,  during  which  respiration  is  difficult  and 
hissing.  The  face  and  lips  are  pale,  and  the  eyes  sunken.  At 
last,  after  a  supreme  effort  to  breathe,  the  agonies  of  death 
begin,  and  the  struggle  ends." 

With  such  distressing  scenes  in  hospitals  in  which 
diphtheria  cases  were  received,  can  we  wonder  that  it  was 
difficult  to  secure  nurses  who  would  remain? 

The  introduction  of  antitoxin  not  only  reduced  the 
death-rate  in  the  remarkable  manner  already  mentioned, 
but  greatly  relieved  the  distress  of  the  afflicted.  The 
injection  of  the  curative  serum  soon  causes  the  mem- 
brane to  roll  up,  and  to  be  so  quickly  removed  that  in 
most  cases  the  danger  of  suffocation  does  not  arise.    At 

5.  Park :  The  ROle  of  Animal  Experimentation  in  the  Discoveries 
Leading  to  Our  Present  Knowledge  of  the  Etiology.  Prevention  and 
Cure  of  Diphtheria,  Defense  of  Research  Pamphlet  XXII,  1911. 
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the  meeting  of  the  American  Pediatric  Society  in  1896, 
when  the  first  experiences  with  the  new  treatment  were 
being  reported,  physicians  spoke  of  the  "marvelous^^ 
effects  they  had  witnessed,  and  declared  that  in  years 
of  practice  they  had  never  known  such  surprising  results 
as  antitoxin  had  made  possible^ 

EPIDEMIC  CEREBROSPINAL  MENINGITIS 

Cerebrospinal  meningitis  is  another  disease  which  has 
claimed  its  victims  by  the  scores  in  epidemics  which  .from 
time  to  time  have  swept  through  our  communities.  Its 
mysterious  onset  and  its  dreadful  power  to  kill  and 
mutilate  spread  consternation  whenever  it  appeared,  for 
the  physician  was  helpless  in  its  presence.  About 
seventy-five  of  every  100  cases  ended  in  death,  and 
the  twenty-five  patients  who  survived  were  often  left 
blind,  deaf,  paralyzed  or  imbecile. 

The  germ  causing  this  disease  was  discovered  by 
Weichselbaum  in  1887,  but  it  was  not  until  twenty 
years  later,  in  1906  and  1907,  that  Flexner  developed 
an  effective  treatment.  This  consisted  in  producing 
in  the  horse  an  antiserum,  in  a  manner  similar  to  that 
used  for  diphtheria  antitoxin.  The  antimeningitis 
serum  was  first  carefully  tested  by  injecting  it  into  the 
spinal  canal  of  monkeys  previously  infected  with 
cerebrospinal  meningitis,  with  the  result  that  the  serum 
quickly  restored  the  animals  to  health.  About  twenty- 
five  monkeys  were  used  in  the  course  of  the  investiga- 
tion. 

Already  in  nearly  a  thousand  cases  of  epidemic  cere- 
brospinal meningitis^  the  death-rate  has  been  reduced 
from  approximately  75  per  cent,  to  about  25  per  cent, 
among  patients  treated  during  the  first  days  of  the  ill- 
ness. And  even  when  patients  treated  late  are  included, 
the  mortality  is  only  slightly  over  30  per  cent. 

The  reduction  of  mortality,  however,  is  not  the  only 
benefit.  The  curative  serum  greatly  shortens  the  dura- 
tion of  the  disease,  and,  what  is  more  important,  the 
patient  usually  recovers  without  the  deafness,  blindness 
and  paralysis,  and  the  impairment  of  mental  power,  so 
often  the  consequence  in  untreated  patients.  Dunn  has 
contracted  the  appearance  of  the  wards  of  the  Children's 

7.  Boston  Med.  and  Surg.  Jour.,  1896,  cxxxv,  13. 

8.  This  form  of  meningitis  should  not  be  confused  with  other 
forms ;  health  board  statistics  often  do  not  differentiate  the  various 
types. 
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Hospital,  Boston,  now, as  compared  with  the  presernm 
days.    He  writes: 

Formerly  there  were  almost  always  to  be  seen  wasted  little 
patients  lying  with  head  drawn  back,  neck  rigid,  limbs  twisted 
and  paralyzed,  head  swollen  by  hydrocephalus,  and  other  pain- 
ful conditions,  and  remaining  thus  for  weeks  or  months  until 
death  resulted.  Now  the  little  meningitis  patients  are  soon 
laughing,  talking,  and  playing  with  other  children,  and  need 
not  be  kept  long  in  the  hospital.® 

Surely  this  direct  result  of  animal  experimentation 
that  has  already  been  manifested,  in  saving  for  useful 
lives  a  half -thousand  human  beings  is  to  be  counted 
among  America's  choicest  contributions  to  the  ^^relief  of 
man's  estate.'' 

PUS   AND   SURGICAL   ASEPSIS 

One  of  the  earliest  interests  of  investigators  engaged 
in  experimental  medicine  was  the  study  of  the  nature 
of  pus,  and  of  blood  poisoning.  Pus  had  been  regarded 
as  so  necessary  for  the  healing  of  wounds  that  its 
appearance  was  watched  for,  and  it  was  designated 
^^audable  pus."  Yet  accompanying  it  were  much  dis- 
tress and  pain  and  a  very  high  mortality.  In  our  Civil 
War  blood-poisoning  (pyemia)  was  not  infrequent,  and 
had  a  mortality  of  over  97  pei^  cent.  Fifty-one  per  cent, 
of  the  men  who  had  the  knee-joint  opened  died  of  infec- 
tion, and  of  those  who  suffered  a  fracture  with  rupture 
of  the  skin  about  66  per  cent.  died.  The  abdomen  and 
other  body  cavities  were  forbidden  fields  for  surgical 
interference  because  death  so  certainly  followed  the 
operation  of  opening  them. 

Careful  microscopic  inspection  revealed  the  presence 
in  pus  of  numerous  bacteria.  Might  not  the  bacteria 
cause  the  pus  ?  If  they  were  excluded  might  not  wounds 
heal  without  becoming  purulent  ?  Working  on  this  sug- 
gestion and  on  ideas  that  Pasteur  had  expressed,  Lister 
watched  the  healing  of  surgical  wounds  in  men,  and 
experimental  wounds  in  lower  animals,  when  access  of 
fjerms  to  the  wounds  was  prevented  by  phenol  (carbolic 
acid)  sprays  and  special  dressings.  The  wounds  healed 
without  pus !  Later  it  was  found  that  phenol  could 
1)6  dispensed  with,  and  that  soaping  and  scrubbing  the 
skin,  and  steam-sterilization  of  instruments  and  band- 


0.  Dunn :     Animal    Experimentation    in    Relation    to    Eoidemic 
Cerebrospinal  Meningitis,  Defense  of  Research  Pamphlet  XXI,  1011. 
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ages  were  sufficient  precautions  against  purulent  infec- 
tion; but  nevertheless  Lister^s  studies  were  the  beginning 
of  modem  aseptic  technic.  All  the  astonishing  advances 
in  surgery  during  the  past  forty  years  have  been  made 
possible  through  these  studies,  which  were  inspired  by 
the  results  of  Pasteur^s  experiments  on  animals  and 
in  which  animal  experimentation  played  a  highly  import- 
ant role.^® 

Xot  only  in  the  development  of  surgical  asepsis,  but 
also  in  the  development  of  surgical  operations  have 
animals  been  useful  to  man.  The  surgeon  knows  where 
to  approach  the  brain  because  the  parts  of  the  brain 
associated  with  different  bodily  activities  have  been  dis- 
covered through  physiologic  experiments  on  monkeys. 
The  restoration  of  cut  nerves  and  the  proper  method  of 
suturing  them  have  been  learned  through  a  series  of 
physiologic  experiments.  Many  successful  operations  in 
the  abdominal  cavity  have  resulted  directly  from  tests 
previously  made  on  animals.  The  possibility  of  excising 
without  danger  a  large  extent  of  the  small  intestine — 
an  operation  sometimes  necessary — was  thus  first  demon- 
strated. Various  means  of  making  an  artificial  opening 
between  the  stomach  and  intestine,  .when  the  natural  out- 
let of  the  stomach  is  blocked,  were  also  experimentally 
devised.  Proper  methods  of  joining  the  ends  of  the 
severed  bowel  were,  likewise,  first  shown  on  animals. 
More  recently,  by  animal  experimentation,  the  surgery 
of  the  chest  has  been  developed;  and  now  apparatus  has 
been  invented  which  permits  operations  on  the  heart, 
the  lungs,  and  other  structures  of  the  chest  cavity,  with- 
out the  disturbing  and  possibly  serious  collapse  of  the 
lungs — formerly  a  constant  danger  when  the  thorax 
was  opened.  And  still  more  recently,  through  operations 
on  animals,  the  surgery  of  blood-vessels  has  been  per- 
fected to  such  a  degree  that  the  effects  of  dangerous 
hemorrhage  may  be  readily  treated  by  the  transfusion 
of  blood  from  a  friend  or  relative  to  the  person  in  need. 
These  are  merely  illustrations  of  the  immense  advances 
in  surgery  during  the  past  thirty  or  forty  years  which 
have  sprung  directly  from  experimental  methods  applied 
to  surgical  problems.  The  release  of  mankind  from  dis- 
tress, disability  and  long-lasting  pain,  which  has  been 
the  consequence  of  these  advances,  is  beyond  all  calcu- 
lation. 

10.  Keen  :  Modern  Antiseptic  Surgery  and  the  ROle  of  Experi- 
ment In  Its  Discovery  and  Development,  Defense  of  Research 
Pamphlet  XII,  1910. 
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CHILD-BED  FEVER 


Similar  to  the  infection  of  surgical  wounds  was  child- 
bed fever.  Gordon  (1792),  Oliver  Wendell  Holmes 
(1843)' and  Semmelweis  (1847)  had  urged  that  this 
curse  of  motherhood  was  contagious  and  borne  from 
patient  to  patient  by  the  attending  doctor,  but  little 
attention  was  paid  to  these  claims  until  Pasteur  culti- 
vated the  bacteria  (streptococcus)  from  puerperal  infec- 
tion, and  by  experiments  on  rabbits  demonstrated  its 
power  to  produce  blood-poisoning.  The  enormous  mor- 
tality in  the  maternity  hospitals  before  child-bed-  fever 
began  to  be  treated  as  a  disease  of  bacterial  origin  is  not 
now  well  remembered.  Not  infrequently  in  former  times 
these  hospitals  were  regarded  as  the  very  portals  of  death. 
In  all  countries  the  death-rate  ranged  between  2  and  7 
per  cent,  and  at  times  rose  to  14,  20  and  once,  in  the 
Maternite  in  Paris,  to  the  appalling  height  of  57  per 
cent. !  In  the  sixty  years  ending  with  1875,  363,624 
women  had  died  of  puerperal  fever  in  Prussia  alone. 
Puerperal  epidemics  were- said  to  be  to  woman  what  war 
is  to  man.  ^TJike  war  they  destroy  the  most  healthy, 
the  bravest  and  the  most  useful  portion  of  the  popula- 
tion; like  war  they  take  subjects  in  the  flower  of  their 
age  and  spread  terror  and  desolation  throughout  the 
territory  which  they  devastate.''  These  sentences  were 
written  in  1870. 

In  1879,  at  a  memorable  meeting  of  the  Academy  gf 
Medicine  in  Paris,  the  writer  of  the  above  sentences  was 
explaining  death  from  puerperal  fever  as  due  to  atmos- 
pheric influences,  overcrowding,  the  tainted  air  of  old 
•wards,  or  the  power  of  mind  over  bod}^,  and  had  expressed 
his  disdain  for  bacterial  contagion  by  predicting  that  he 
expected  to  be  long  dead  before  the  specific  bacterium 
was  discovered,  when  Pasteur  arose,  seized  a  piece  of 
chalk,  and  drew  on  the  blackboard  outlines  of  the  strep- 
tococcus. "There!''  he  exclaimed.  "That  is  the  shape 
of  it!" 

By  use  of  asepsis,  proved  effective  in  preventing  wound 
infection,  the  mortality  from  child-bed  fever  in  hospitals 
has  fallen  to  the  neighborhood  of  0.1  per  cent. — which 
means  an  immeasurable  reduction  of  human  misery, 
and  the  preservation  of  numberless  lives  at  a  time  of 
supreme  importance  to  family  and  racial  welfare.^^ 

11.  Williams :  Obstetrics  and  Animal  Experimentation,  Defense 
of  Research  Pamphlet  XVIII,  1911. 
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THE    DISCOVERY    OF    USEFUL    DRUGS 

Mankind  has  benefited  from  animals,  not  only  in 
learning  the  bacterial  transmission  of  various  diseases 
and  in  the  improvement  of  surgical  technic,  but  also 
in  the  discovery  of  useful  drugs.  Indeed  the  whole  mod- 
ern science  of  drug-action  is  founded  on  animal  experi- 
mentation. Consider  for  a  moment  what  blessings  have 
come  from  such  investigations.  All  the  drugs  producing 
sleep  which  have  been  discovered  during"  the  past  forty 
years  have  been  discovered  by  experiments  on  animals. 
All  the  local  anesthetics,  as  cocain,  for  example,  render- 
ing small  surgical  operations  painless,  have  been  dis- 
covered by  experiments  on  animals.  The  only  drug 
which  will  give  prompt  relief  from  the  distress  of  angina 
pectoris  •  is  amyl  nitrite — a  drug  which  was  discovered 
during  experimentation  on  animals.  All  modern  drugs 
for  reducing  fever;  the  cardiac  tonic,  strophanthus ;  the 
diuretics,  caflfein  and  theobromin;  the  emetic,  apomor- 
phin — were  all  introduced  through  experiments  on  ani- 
mals. These  do  not  by  any  means  exhaust  the  list  of 
medicaments  discovered  by  the  experimental  method 
applied  in  pharmacology.  Nor  do  they  indicate  all  the 
uses  of  the  method  in  ttiat  new  science.  Through  tests 
on  animals,  some  drugs  whose  worth  was  known  have 
had  their  action  more  precisely  defined;  digitalis,  for 
instance,  is  one  of  these.  Others  have  been  proved  harm- 
ful ;  and  still  others  have  had  their  activity  standardized. 
One  of  the  most  interesting  examples  of  the  use  of 
animals  to  test  the  efficacy  of  drugs  is  that  of  ergot — 
a  drug  employed  to  stop  hemorrhage,  particularly  the 
dangerous  hemorrhage  that  sometimes  follows  child- 
birth. Ergot  can  thus  be  tested  on  an  animal  and  proved 
potent  before  being  placed  in  the  hands  of  a  physician, 
or  it  can  be  tested  for  the  first  time  on  a  woman  who 
is  bleeding  to  death — the  choice  has  to  be  made. 

« 

SYPHILIS  AND  SALVARSAN 

A  most  thrilling  recent  development  in  the  study  of 
drug  action  is  the  discovery  by  Ehrlich  that  through 
extensive  selection  chemicals  can  be  found  which  affect 
specifically  the  invading  germs,  with  little  or  no  injury 
to  the  patient.  This  discovery  has  been  utilized  espe- 
cially in  the  treatment  of  one  of  the  most  calamitous 
and  ravaging  of  diseases,  syphilis.  In  1903,  experi- 
mentation with  this  disease  was  made  possible  by  Metch- 
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nikoflf  and  Boux,  who  learned  that  it  could  be  trans- 
mitted to  monkevs.  Later  Schaudinn  and  HoflEmann 
found  the  microorganism  of  the  disease,  and  soon  its 
presence  in  inoculated  animals  was  demonstrated.  At 
almost  the  same  time,  by  means  of  animal  experiments, 
a  biologic  test,  the  ^TV'assermann  reaction,^^  was  devised, 
which,  when  positive,  proves  the  existence  of  the  disease, 
even  in  the  absence  of  other  signs  or  symptoms.  The 
value  of  this  test  in  cases  of  doubtful  diagnosis,  or  in 
latent  syphilis,  is  immeasurable.  All  this  experimenta- 
tion prepared  the  way  for  Ehrlich^s  triumph.  After 
the  manufacture  and  trial  of  hundreds  of  substances, 
Ehrlich  found  one,  number  606  in  the  series,  now  known 
as  salvarsan,  which  when  injected  into  a  syphilitic  rabbit 
caused  the  microorganisms  entirely  to  disappear,  and 
without  injury  to  the  rabbit.  Then  the  drug  was  tested 
on  dogs,  without  injury.  Then  two  laboratory  assist- 
ants volunteered  to  demonstrate  the  safety  of  injecting 
human  beings.  Only  after  this  was  the  drug  tried  on 
patients.  That  was  hardly  two  years  ago.  Even  if  the 
final  judgment  regarding  salvarsan  sets  limits  to  the 
first  hopes,  nevertheless  the  astonishing  results  that  have 
already  been  achieved  prove  thgtt  Ehrlich^s  experiments 
on  rabbits  have  added  an  agency  of  greatest  importance 
in  treating  this  ancient  scourge  of  social  life.^^ 

THE    USE    OF    AXIMALS    FOR    DIAGNOSIS 

Prominent  among  the  services  of  animal  experimenta- 
tion is  that  of  helping  in  the  diagnosis  of  disease.  The 
early  diagnosis  of  infectious  disease  is  essential  both  for 
the  treatment  of  individuals  and  for  the  prevention  of 
epidemics.  We  depend  on  animal  tests  for  determining 
many  of  the  most  serious,  socially  dangerous  afflictions. 
In  tuberculosis,  for  example,  hope  lies  in  early  recogni- 
tion of  the  nature  of  the  illness.  In  the  first  stages 
the  few  tubercle  bacilli  in  the  sputum  may  not  be 
observed  under  the  microscope,  yet  the  same  material 
injected  into  a  guinea-pig  will  clearly  demonstrate  their 
presence. 

Cultures  of  the  typhoid  bacillus,  injected  into  aninials, 
will  induce  in  the  blood  of  the  injected  animals  power 
to  cause  typhoid  bacilli,  and  tvphoid  bacilli  alone,  to 
gather  in  clumps.  Thus  the  blood  of  the  injected  animals 

12.  (Miiirchmnn  :  The  Valuo  of  Animal  Exporimentatlon  as  Illus- 
(r:itofl  In-  neo^"^^  Advances  In  the  Study  of  Syphilis,  Defense  of 
Jiosoarch  I'amphlot  XX,  11)11. 
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can  be  used  to  detect  the  presence  of  typhoid  bacilli  in 
suspected  persons  as,  for  example,  the  apparently  normal 
bacillus-carriers,  who  are  such  a  menace  to  public  health. 

Cholera-carriers,  and  persons  afflicted  with  cholera 
in  mild  form,  can  be  discovered  by  the  same  method. 
Indeed  the  protection  of  a  country  from  invasion  by 
cholera  involves  measures  in  which  diagnosis  by  animal 
tests  is  a  very  important  procedure.  When  we  consider 
that  in  a  single  epidemic  many  thousands  have  died, 
and  that  wide-spread  disturbances  of  commerce  and 
industry  have  resulted,  we  can  understand  the  essential 
value  of  finding  and  controlling  the  first  cases. 

In  the  diagnosis  of  plague,  and  to  a  more  or  less 
degree  in  the  diagnosis  of  dysentery,  Malta  fever, 
anthrax,  glanders,  actinomycosis  and  other  micropara- 
sitic  diseases,  animal  tests  often  play  an  essential  role.^^ 

More  and  more  we  are  depending  on  prevention 
rather  than  cure  to  reduce  mortality..  Without  the 
means  of  early  and  correct  recognition  of  the  infectious 
diseases  which  animal  tests  have  largely  provided,  the 
sanitarians,  who  stand  as  sentinels  in  our  great  cities 
and  along  our  coasts,  would  be  deprived  of  their  weap- 
ons of  defense  and  be  rendered  useless  as  protectors  of 
the  public  health. 

PHYSIOLOGY 

The  first  of  the  medical  sciences  to  use  experimental 
methods  was  physiology — the  science  of  the  normal  work- 
ing of  organs.  The  abnormal  working  of  organs  in  dis- 
ease is  necessarily  measured  by  the  normal  standard 
which  physiologic  investigation  has  revealed.  Take  away 
from  physiologic  knowledge  that  which  is  based  on  ani- 
mal experimentation  and  almost  nothing  would  be  left ! 
Probably  no  system  in  the  body  more  frequently  requires 
earnest  study  by  the  physician  than  the  circulatory  sys- 
tem. As  Erlanger  has  shown,  with  much  thoroughness, 
practically  all  that  we  know  of  the  course  of  events  in 
the  heart,  the  proper  interpretation  of  the  cardiac  sounds, 
the  factors  determining  blood-pressure,  the  nervous  con- 
trol of  heart  and  arteries,  the  intelligent  treatment  of 
cardiovascular  disease — all  have  resulted  from   studies 

13.  Rosenau  :  The  ROle  of  Animal  Experimentation  in  the  Diag*- 
nosis  of  Disease,  Defense  of  Research  Pamphlet  III,  1909.  Also 
Richardson  :  Animal  Experimentation  in  the  Development  of  Our 
Knowledge  of  Dysentery,  Cholera  and  Typhoid  Fever,  Defense  of 
Research  Pamphlet  VIII,  1910. 


16 

on  animals.^*  What  is  true  of  the  circulation  is  true 
also  of  digestion.  Through  the  activities  of  a  succession 
of  investigators  who  experimented  on  animals,  we  now 
know  the  changes  which  food  undergoes  in  each  portion 
of  the  alimentary  canal,  the  nature  of  the  digestive 
juices,  the  condition  under  which  they  are  poured  out 
and,  to  a  large  degree,  the  causes  and  character  of 
digestive  disorders.  Similarly  we  are  now  securing, 
through  the  brilliant  researches  of  Sherrington  and 
others,  illuminating  insight  into  some  of  the  intricacies 
of  the  nervous  system.  These  and  many  other  notable 
contributions  to  physiology  which  almost  daily  stir  our 
wonder  at  the  marvelqus  organization  of  the  body  are 
the  direct  outcome  of  experiments  on  animals.  It  can- 
not be  too  strongly  emphasized  that  almost  the  entire 
structure  of  physiologic  knowledge  on  which  the  modern 
physician  bases  his  judgment — knowledge  which  to  the 
practitioner  makes  all  the  difference  between  understand- 
ing and  blind  bewilderment — has  grown  from  the  appli- 
cation of  the  experimental  method. 

CRETINISM 

Physiology  in  cooperation  with  clinical  medicine  has 
also  contributed  directly  to  the  cure  of  hjiman  diseases. 
The  distressing  malady  known  as  cretinism  is  due^  to 
absence   of  the   thyroid  gland  from  birth. \Formerly 
cretins  spent  their  lives  as  imbeciles,  stunted  ni  stature 
and   hideous   in   appearance.      The   semibestial^^pect, 
blubber-lips,  turned-up  nose  sunken  at  the  root, 
open  mouth,   lolling  tongue,   small   eyes   with   swol^ 
lids  half  closed,  the  stolid  expression  of  the  face,  tj? 
muddy,  dry  skin — all  combined  to  make  a  monstrou 
creature.    The  physiologic  experiments  of  Schiff  showec 
that  implantation   of  the   thyroid   gland   in   the   bod}^ 
would  prevent  the  changes  caused  by  extirpation.     Then 
it  was  discovered  that  feeding  the  gland  or  injecting  the 
gland-extract  was  as  good  as  implantation.     And  now 
absence  of  the  thyroid  can  be  compensated  for  by  admin-      .    . 
istering  by  mouth  either  thyroids,  or  tablets  which  con-      '*  j 
tain  the  essential  substance,  derived  from  lower  animals.  j 

The  transformation  that  occurs  in  the  cretinous  idiots, 
when  treated  early,  is  nothing  short  of  miraculous.  As 
Osier  has  said: 

14.  Eriangor :  Animal  Experimentation  in  Relation  to  Practical 
Knowledge  of  the  Circulation,  Defense  of  Research  Pamphlet  XIII, 
1910. 
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Not  the  magic  wand  of  Prospero,  or  the  brave  kiss  of  the 
daughter  of  Hippocrates,  ever  effected  such  a  change  as  that 
which  we  are  now  enabled  to  make  in  these  unfortunate  vic- 
tims, doomed  hitherto  to  live  in  hopeless  imbecility,  unspeak- 
able afflictions  to  their  parents  and  to  their  relatives. 

ANIMAL    DISEASES 

I  have  now  presented  evidence  which  proves  that  our 
knowledge  of  the  disastrous  infections  and  our  conse- 
quent ability  to  control  them,  both  in  individuals  and 
in  communities,  have  been  derived  directly  from  repeated, 
carefully-planned  experiments.  The  immense  saving  of 
life  which  has  resulted  is  not  confined  to  human  beings, 
however,  but  is  shared  by  the  lower  animals  as  well.  I 
need  only  mention  tuberculosis,  anthrax,  glanders,  hog- 
cholera,  Texas  fever  and  rabies,  to  indicate  diseases 
which  have  in  the  past  caused  the  destruction  of  domestic 
herds  in  enormous  numbers,  with  vast  economic  losses. 
Happily  the  measures  taken  to  protect  the  lower  animals 
against  infection  can  be  more  rigorously  enforced  than 
those  used  to  save  human  life,  and  the  results  therefore 
are  all  the  more  striking.  By  means  of  preventive  meas- 
ures and  by  protective  inoculations,  some  diseases  of 
cattle  have  been  entirely  abolished  in  this  country,  and 
others  have  been  so  promptly  and  radically  dealt  with 
that  they  have  seldom  made  serious  headway.^^ 

PREVENTIVE  MEDICINE 

That  there  is  the  same  possibility  of  protecting  human 
beings  against  diphtheria  and  rabies,  against  malaria 
and  yellow  fever,  and  against  many  other  infections  has 
long  been  known. 

The  oldest  of  the  protective  measures  is  that  of  vac- 
cination against  small-pox.  This  ravaging  pestilence 
has  been  reduced,  in  a  most  striking  manner,  in  every 
civilized  country  in  which  vaccination  has  been  employed. 
Furthermore^  the  reduction  of  the  disease  and  mortality 
has  corresponded  directly  to  the  thoroughness  with  which 
the  populations  have  been  vaccinated  and  revaccinated. 
Germany,  for  example,  has  had  no  epidemic  of  small- 
pox since  the  compulsory  vaccination  law  went  into  effect 
thirty-eight  years  ago,  whereas  in  Persia  and  Asiatic 
Eussia,  where  vaccination  is  neglected,  small-pox  is  still 

15.  Moore :  Animal  Experimentation  ;  The  Protection  It  Affords 
.to  Animals  Themselves  and  Its  Value  to  the  live-Stock  Industry  of 
'the  Country,  Defense  of  Research  Pamphlet  VI,  1909. 
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a  death-dealing  scourge.^**  The  claim  that  the  disap- 
pearance of  the  disease  is  due  to  a  general  betterment 
of  sanitation  is  not  supported  by  our  recent  experience 
in  the  Philippine  Islands.  The  six  provinces  near 
Manila,  with  a  population  of  about  one  million  people, 
had  a  record  of  over  6,000  deaths  from  small-pox 
annually  before  1907.  In  1907,  vaccination  was  com- 
pleted in  these  provinces.  Since  that  year,  in  the  six 
provinces,  not  one  person  who  had  been  successfully 
vaccinated  has  died  of  small-pox  and  only  a  few  cases 
have  occurred  among  all  classes.^^  Inasmuch  as  animals 
are  used  in  securing  the  virus,  these  triumphs  of  pre- 
ventive measures  against  the  disease  must  be  attributed 
to  operations  on  animals. 

Through  the  application  of  antirabic  virus,  death  from 
hydrophobia — a  hideous  death — has  fallen  from  between 
6  and  14  per  cent,  of  persons  bitten  by  rabid  animals 
to  a  fraction  of  1  per  cent. ;  more  than  400  persons  were 
bitten  by  mad  dogs  and  treated  by  the  virus  in  Paris  in 
1910,  and  there  was  not  a  single  death.  Any  one  who 
has  read  the  life  of  Pasteur  knows  the  dramatic  storv 
of  his  experiments  on  rabbits  and  his  thrilling  success 
in  the  very  first  human  patients  whom  he  treated.  The 
conquest  of  rabies  must  be  regarded  as  one  of  the 
greatest  services  rendered  by  animals  to  their  fellow- 
beings.^^ 

Another  victory  in  the  campaign  to  reduce  illness  and 
mortality  has  been  won  in  the  fight  against  mosquito- 
borne  infections.  Yellow  fever  and  malignant  malaria 
contributed  more  than  any  other  one  cause  to  the  failure 
of  the  French  to  build  the  Panama  Canal.  The  present 
remarkable  freedom  from  these  diseases  at  the  canal, 
which  is  permitting  the  triumphal  completion  of  that 
stupendous  work,  is  highest  testimony  to  the  efficacy  of 
preventive  medicine  when  well-known  methods  of  con- 
trol can  be  thoroughly. enforced.^® 

Of  the  volunteer  regiments  mobilized  during  the 
Spanish-American  War,  90  per  cent,  became  infected 
with  typhoid  within  the  first  eight  weeks  after  mobiliza- 

16.  Schamberg :  Vaccination  and  Its  Relation  to  Animal  Experi- 
mentation, Defense  of  Research  Pamphlet  I,  1911. 

17.  Heiser  :    Public  Plealth  Reports,  1911,  p.  277. 

18.  ^''rothingham :  The  History,  Prevalence  and  Prevention  of 
Rabies  and  Its  Relation  to  Animal  Experimentation,  Defense  of 
Re.search  Pamphlet  VII,  1910. 

19.  Marshall :  Animal  Experimentation  in  Relation  to  Protozoan 
Tropical  Diseases,  Defense  of  Research  Pamphlet  XI,  1910. 
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tion.  In  the  entire  army  nearly  21,000  men  were  dis- 
abled by  this  disease  and  more  than  1,600  died  of  it. 
Last  year  12,800  men  of  the  ximerican  army  were  mobil- 
ized at  San  Antonio,  Tex.,  for  several  months.  Only 
one  case  of  typhoid  fever,  that  of  a  hospital  attendant  not 
3^el  immunized,  appeared  in  the  entire  force.  That  this 
extraordinary  phenomenon  was  due  to  protective  inocula- 
tion against  typhoid  infection,  which  each  soldier 
received  before  going  into  encampment^,  is  indicated  by 
the  prevalence  of  typhoid  in  San  Antonio  during  the 
period.  The  experience  of  the  British  army  in  India 
has  been  similar. 

The  entire  modern  process  of  protective  inoculation 
is  a  direct  outgrowth  of  artificial  immunity  previously 
demonstrated  in  animals  (Eichardson^^).  And  the  sole 
hope  of  rendering  wide  areas  of  tropical  country  fit  for 
civilized  society  rests  on  the  possibility  of  eradicating 
native  diseases  through  the  well-tested  and  efficacious 
methods  of  preventive  medicine. 

ANTIVIVISECTIONISTS    AND    THEIR    METHODS 

Such,  then,  are  some  of  the  benefits  to  man  and  to 
lower  animals  of  the  experimental  method  applied  to 
medical  problems.  In  spite  of  these  benefits,  however, 
strong  hostility  to  this  method  of  studying  disease  is 
felt  by  certain  persons  who  call  themselves  "antivivisec- 
tionists."  These  persons  have  no  direct  acquaintance 
with  the  conditions  of  experimentation;  many  of  them 
scorn  the  evidence  that  any  advantage  to  man  has  come 
from  studies  on  animals;  to  support  their  contentions 
they  send  broadcast  pamphlets  in  which  are  printed  hos- 
tile opinions  of  medical  men  who  are  long  since  dead, 
men  who  had  no  conception  of  the  merciful  procedures 
of  modern  experimentation  and  its  life-gi~ing  results; 
or  they  quote  the  testimony  of  spurious  experts  whose 
reputations  were  made  in  literature,  art  or  theology,  and 
not  in  the  service  of  healing.  However  well-meaning 
there  motives  may  be,  their  literature  for  years  has  been 
characterized  by  fraud  and  trickery  and  evil  insinuation 
which  have  been  repeatedly  pointed  out,  but  with  no 
effect.^®  These  methods  of  American  antivivisectionists 
duplicate  those  of  the  English.  The  Eoyal  Commission, 
which  has  just  reported  after  five  years  of  study  and 

20.  Cannon  :       Characteristics      of      Antivivisection      Literature, 
Defense  of  Research  Pamphlet  XIX,  1911. 
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consideration,  has  declared  of  the  antivivisectionists, 
their  ^Tiarrowing  descriptions  and  illnstrations  of  oper- 
ations inflicted  on  animals,  which  are  freely  circulated 
by  post,  advertisement  or  otherwise,  are  in  many  cases 
calculated  to  mislead  the  public."  Both  in  this  country 
and  abroad,  therefore,  the  active  antivivisectionists  have 
sought,  through  garbled  statements,  false  evidence' and 
inaccurate  description,  to  cast  such  discredit  on  medical 
research  as  to  give  the  impression  that  pain  and  pre- 
mature death  cannot  be  escaped  through  application  of 
the  experimental  method. 

THE  ETHICAL  QUESTION 

Even  when  these  reactionaries  grant  somewhat  grudg- 
ingly that  the  distress  of  living  creatures  has  been  dimin- 
ished by  animal  experimentation,  they  contend  that  the 
method  of  securing  this  result  was  immoral  and  is  there- 
fore unjustifiable.  What  renders  the  experimental  use 
of  animals  immoral  is  difficult  to  understand  when  we 
consider  other  uses  to  which  they  are  put.  We  force  the 
harnessed  horse  to  work,  and  in  time  of  crisis,  we  drive 
him  with  lash  and  spur.  We  rob  the  mother  cow  of 
her  calf,  and  than  appropriate  her  milk.  We  permit 
the  dehorning  of  cattle  and  their  branding  with  hot 
irons.  We  do  not  object  to  the  most  shocking  barn-yard 
operations,  performed  (without  the  sniff  of  an  anesthetic) 
merely  to  make  more  palatable  the  flesh  we  eat.  We 
slaughter  ruthlessly,  for  sport,  myriads  of  birds  and 
beasts.  Myriads  more  we  slaughter  for  their  furs  and 
feathers.  We  kill  for  food  every  year  in  this  country 
more  than  50,000,000  beeves,  sheep  and  hogs,  and  also 
250,000,000  chickens,  turkeys,  ducks  and  geese.  In 
nineteen  of  the  largest  cities  in  the  United  States  more 
than  350,000  dogs  and  cats  are  destroyed  annually, 
merely  to  clear  the  streets.  Vermin  and  wild  animals 
we  subject  to  death  in  uncertain  traps  or  end  their  exist- 
ence with  distressing  poisons.  If  all  injury  and  destruc- 
tion of  animal  life  is  immoral,  why  select  as  an  object 
for  attack  the  treatment  of  the  relatively  few  animals 
employed  in  the  laboratories  with  the  object  of  reducing 
pain  and  suffering  in  the  world? 

Surely  the  life  of  lower  animals  is  not  so  sacred  that 
we  cannot  utilize  it  for  our  own  betterment.  Society 
protects  itself  from  harm  by  holding  in  quarantine  dan- 
gerous human  beings,  or  by  incarcerating  them,  or  even 
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by  killing  them.  If  attacked  by  a  foreign  foe,  society 
does  not  hesitate  to  send  into  battle  its  young  men, 
chosen  for  their  strength,  to  suffer  grievous  wounds  and 
death  for  the  social  welfare.  Such  necessary  sacrifices 
of  our  fellow  men  are  among  the  tragedies  of  social 
existence.  The  sacrifices  of  animals,  in  various  ways  so 
essential  to  the  continuance  of  the  human  race,  may  be 
regarded  as  among  the  tragedies  of  their  existence.  But 
of  all  these,  what  sacrifices  could  be  more  thoroughly 
justified  morally  than  those  of  experimentation,  which 
have  contributed  so  greatly  to  the  reduction  of  suffering 
and  to  prolongation  of  life,  both  for  men  and  the  animals 
themselves  ?^^ 

PRECAUTIONS  AGAINST   PAIN 

I  do  not  wish  to  give  the  impression  that  any  one 
engaged  in  animal  experimentation  would,  under  any 
circumstances,  justify  the  infliction  of  needless  pain. 
That  animals  are  in  fact  used  humanely  for  the  purposes 
of  medical  research  has  been  again  and  again  maintained 
and  demonstrated  whenever  the  question  has  been  care- 
fully examined.  The  English  laboratory  inspectors  and 
the  English  Eoyal  Commission  are  unanimous  in  testi- 
fying to  the  absence  of  cruelty  in  experimental  proced- 
ures. In  this  country  practically  all  institutions  in  which 
animals  are  used  for  medical  and  biologic  research  have 
adopted,  by  public  and  corporate  action,  regulations 
which  place  control  of  experimentation  with  the  labora- 
tory director.  These  regulations  provide  for  the  bodily 
comfort  and  the  sanitary  surroundings  of  the  animals, 
and  require  all  operations  to  be  sanctioned  by  the 
director,  who  is  held  responsible  for  the  importance  of 
the  problems  studied  and  the  propriety  of  the  laboratory 
procedures.  Furthermore,  the  regulations  require  all 
operations  likely  to  cause  greater  discomfort  than  anes- 
thetization itself  to  be  done  under  anesthesia,  and  to  be 
followed  by  painless  death.  Only  the  director  can  make 
exceptions  to  these  last  provisions,  and  he  can  do  so 
onlv  in  the  rare  cases  in  which  anesthesia  or  death  of  the 
animal  would  defeat  the  object  of  the  experiments.-- 

The  laboratory  director,  of  all  men,  is  most  likely 
to  know  what  is  being  done  by  those  about  him;  more 

21.  For   further   discussion,    see   AngeU :    The   Ethics   of  Animal 
Experimentation,  Defense  of  Research  Pamphlet  V.  1909. 
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than  any  one  else  he  is  responsible  to  his  institution,  to 
the  public  interests  and  to  his  professional  ideal ;  and  his 
position  is  a  warrant  of  his  trustworthiness.  To  the 
laboratory  director,  therefore,  the  medical  profession 
looks  for  the  exercise  of  that  enlightened  compassion 
which  lies  at  the  heart  of  all  medical  service. 

OBJECTIONS  TO  PROPOSED  LEGISLATIOX 

In  spite  of  accumulated  evidence  that  animal  experi- 
mentation is  conducted  in  a  humane  manner  in  this 
country,  and  that  strict  precautions  have  been  taken 
against  infliction  of  unnecessary  pain,  every  year  in  one 
state  or  another  a  "mild^'  restrictive  bill  is  alluringly 
presented  by  the  antivivisectionists.  Its  ostensible  pur- 
pose is,  not  to  prevent  "legitimate  vivisection"  by 
I'esponsible  investigators,  but  to  *stop  the  practice  among 
the  unskilled — for  example,  the  medical  student  in  his 
room.  Examination  of  the  bill  reveals,  however,  that  no 
])rovision  is  made  for  spying  on  the  medical  student 
in  his  room,  but  that  every  arrangement  is  made  for 
inspection  of  the  responsible  investigators.  To  many 
persons  inspection  seems  reasonable;  they  approve  of 
going  at  least  so  far  with  the  petitioners  for  legislation. 
The  medical. profession,  however,  has  in  the  main  offered 
objections  to  the  proposed  inspection.^^ 

These  objections  are  based  to  some  extent  on  the  atti- 
tude of  the  antivivisectionists  toward  inspection  as  it  has 
been  carried  on  in  England  during  the  past  thirty-six 
years.  During  all  this  period  no  noteworthy  abuse  of 
animal  experimentation  has  been  revealed  by  the  inspect- 
ors. The  inference  drawn  by  the  antivivisectionists  is 
that  occasional  inspection  is  f  atile ;  indeed,  they  declare 
that,  unless  an  inspector  is  in  the  laboratories  continu- 
ously during  all  operations,  horrible  abuse  of  animals  is 
sure  to  oceur.^*  The  impossibility  of  providing  for  such 
constant  oversight  would  suggest  to  a  person  of  common 
sense  that  a  reasonable  reliance  be  placed  on  the  good 

.  28.  Tt  Is.  porhaps,  iinnocossary  at  this  point  to  Indicate  the 
absurdit.v  of  Iho  cry  for  the  "open  door."  No  one  of  insight  and 
judffmont  is  oxclndod  from  laboratories  of  medical  research.  In 
fact,  in  every  laboratory  with  which  I  am  ac(iiiainted  the  doors  are 
freely  open  to  biologists  and  persons  with  medical  training.  To  be 
sure,  not  everybody  is  welcomed,  but  not  everybody  is  welcomed  to 
a  hospital  operation.  The  surgeon,  operating  in  a  home  docs  not 
IK'rmit  the  "open  door ;"  he  even  goes  so  far  as  to  exclude  close 
relatives  of  the  patient.  Yet  h<'  does  not  l>ecome  thereby  the  object 
of  malignant  suspicion. 

24.   Minutes   of   Evidence,    English   l*nrliamentary    roramlssion   on 
Vivisection.   llK>.")-(),  ('oleridg<'"s  testimony,  /taxfiim. 
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will  and  natural  humanity  of  those  engaged  in  research. 
The  agitators  in  this  country,  however,  have  argued  that 
when  danger  of  wrong  exists,  as  in  the  conduct  of  a  bank, 
for  example,  inspection  is  provided,  and  therefore  labora- 
tory inspection  should  be  provided.  An  important  defect 
in  this  argument  rests  in  its  application.  For  the  inspec- 
tion of  banks  experts  in  banking  are  appointed,  but  for 
the  inspection  of  laboratories  experts  in  experimentation 
are  definitely  excluded  in  the  proposed  legislation.  For 
this  important  work  the  antivivisectionists  desire  only 
their  own  representatives.  In  the  opinion  of  the  experi- 
menters such  persons,  untrained  in  observing  and  judg- 
ing animal  reactions,  and  lacking  any  insight  whatever 
into  the  extraordinary  complexities  of  medical  investi- 
gation, are  thoroughly  incompetent.  Indeed  the  most 
charitable  interpretation  to  be  placed  on  the  ridiculously 
false  and  misleading  statements  continually  made  by 
these  persons  is  that  they  are  profoundly  ignorant  of- 
processes  which  the  laboratory  workers  have  spent  many 
jears  in  learning — the  most  involved  and  entangled 
processes  in  nature,  those  occurring  in  highly  organized 
animals. 

Apart  from  objecting  to  inspection  because  it  has  not 
satisfied  the  antivivisectionists  themselves,  because  it  has 
not  revealed  abuses  and  because  incompetent  inspectors 
are  insisted  on,  we  may  reasonably  regard  it  as  merely 
the  first  step  in  an  effort  to  stop  experimental  medicine 
absolutely.  In  Great  Britain,  where  legal  restriction  has 
gone  farthest,  there  are  no  less  than  fifteen  antivivisec- 
tion  societies  urging  that  experiments  on  animals  be 
abolished.  In  this  country  there  are  at  least  six  such 
organizations  whose  aim  likewise,  expressed  or  implied, 
is  abolition.  The  agitation  for  ^^mild"  bills,  for  inspec- 
tion or  for  slight  restriction  by  these  groups  of  agitators 
is,  under  the  circumstances,  properly  regarded  as  merely 
the  initial  move  toward  total  suppression  of  what  has 
been  demonstrated  in  these  last  sixtv  years  as  the  most 
powerful  instrument  of  medical  progress  that  has  been 
devised. 

THE    TWO    PARTIES 

The  issue  then  is  joined.  On  the  one  side  are  the  anti- 
vivisectionists who  insist  that  animals  shall  not  be  experi- 
mented on,  even  though  mankind  may  thereby  be  saved 
throughout  coming  centuries  from  pain  and  premature 
death.    On  the  other  side  are  the  investigators,  successors 
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of  those  who  first  applied  to  medical  problems  the 
experimental  method,  a  method  which,  besides  delivering 
into  our  hands  the  unlimited  energies  of  the  physical 
world,  has  in  a  few  decades  wrought  marvelous  advances 
in  our  ability  to  conserve  human  life.  These  men  realize 
that  numerous  sources  of  distress  are  still  unexplained. 
Measles,  scarlet  fever,  infantile  paralysis,  fatal  diseases 
of  the  kidneys  and  liver,  cerebral  degenerations,  the 
awful  scourge  of  cancer^^ — almost  all  progress  in  our 
knowledge  of  these  afflictions  has  come  from  experiments 
on  animals — but  how  much  more  remains  to  be  accom- 
plished !  Men  and  women  and  children,  whose  suffering 
extends  to  every  one  bound  to  them  by  the  strong  ties 
of  love  and  sympathy,  daily  go  down  to  death  because 
the  disease  is  a  mystery  and  its  cure  unknown.  Who 
shall  say  that  experimental  medicine  shall  not  continue 
to  bring  its  blessings?  In  the  eager  search  for  more 
.light,  who  shall  decide  the  critical  case  involving  pain 
to  animals?  The  antivivisectionists  maintain  that  they 
should  decide;  the  physicians,  on  the  contrary,  urge  that 
the  decision  remain  in  their  control.  The  antivivisec-' 
tionists,  ignorant  of  the  problems  and  methods  of  medi- 
cal research,  limit  their  humanity  to  the  welfare  of  the 
laboratory  animals.  The  physicians,  perceiving  that 
more  power  to  fight  disease  can  only  come  from  more 
knowledge,  trust  the  deeper  humanity  of  the  investigat- 
ors who  are  seeking  that  knowledge.  In  the  end  society, 
which  reaps  the  benefit  of  medical  progress,  must  deter- 
mine which  of  these  contending  parties  shall  prevail. 

240  Longwood  Avenue. 

25.  Ewing :     Animal    Experimentation    and    Cancer,    Defense    of 
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TIfE   INFLUENCE   OF  ANTIVIVISECTION   ON 

CHARACTER* 


W.     W.     KEEN,     M.D. 

PHILADELPHIA 


"In  this  controversy  [vivisection]  there  should  be  no  bitter- 
ness. .  .  .  Do  not  let  us  attempt  to  browbeat  or  call 
names.  .  .  .  Vivisection  tends  to  weaken  character.  .  . 
Nothing  which  hurts  the  character  can  be  right." — Rev.  Dr. 
Floyd  W.  Tomkins,  President  of  the  American  Antivivisection 
Society,  in  the  Ladies'  Home  Journal,  March,  1910.' 

I  accept  the  test  proposed  by  Dr.  Tomkins,  and  quoted 
in  the  above  motto,  "Nothing  which  hurts  the  character 
can  be  right/'  Let  us,  therefore,  study  what  is  tlie 
effect  of  antivivisection  on  the  character  of  its  advocates. 

I.   VIOLENT   PASSIONS  AROUSED  BY   ANTIVIVISECTION 

AGITATION 

The  most  violent  and  vindictive  passions  have  been 
aroilsed  and  fostered,  especially  among  women  —  the 
very  flower  of  our  modern  civilization.  Let  us  see 
whether  they  have  shown  "bitterness"  or  "called  names." 
I  have  rejected  much  oral  testimony  I  could  use  and 
have  drawn  my  evidence  from  only  a  very  small  portion 
of  the  literature  at  my  disposal. 

Herewith  I  reproduce  (Fig.  1)  the  photograph  of  a 
remarkable  letter  which  contains  an  asserted  prayer  to 
the  Deity  calling  down  curses  by  "a  dozen  women"  on 
my  long-since  sainted  mother.  It  needs  no  comment 
from  me  save  that  the  "horror"  mentioned  in  this  letter 
was  excited  by  an  article  which  I  published  in  the 
Ladies'  Home  Journal  for  April,  1910,  in  which  T 
recited  a  few  of  the  benefits  to  humanity  which  had 
resulted  from  vivisection.  The  only  clue  even  to  the 
place  from  which  the  letter  comes  is  the  postmark. 

*  An  address  read  before  the  Surgical  Section  of  the  Suffolk  Dis- 
trict Medical  Society,  Boston,  March  20,  1912.  Reprinted  by  the 
kind  permission  of  the  editor  and  the  publisher  from  the  Boston 
Medical  and  Surgical  Journal,  May  2  and  0,  1912. 
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Let  me  quote  another  earlier  anonymous  letter  I  have 
before  me.  This  is  from  Philadelphia.  Instead  of  the 
usual  address  "Dear  Sir/^  it  begins,  "You  Fiend.^^  I 
had  not  then  been  promoted  to  "Arch-fiend"  in  Satan^s 
Hierarchy.  The  writer  exclaim's,  "Oh,  that  you  all 
could  be  put  through  the  same  torture  that  you  inflict 
on  these  helpless  ones."  As  I  am  not  a  vivisectionist 
this  ardent  wish  fails  to  terrify.  I  am  an  advocate  of 
vivisection  because  I  know  how  greatly  it  has  helped 
me  during  all  my  professional  life  in  saving  life  and 
lessening  suffering.^ 

If  two  letters  will  not  convince,  here  is  a  third.  This, 
from  Baltimore,  also  the  result  of  the  same  article,  was 
from  ^  writer  who  had  the  courage  to  sign  her  name 
and  address. 

"You  would  appear  even  the  more  fiendish  on  account 
of  your,  superior  intelligence.  .  .  .  The  future  of  a 
vivisectionist  is  a  veritable  hell.  You,  I  understand, 
are  a  man  advanced  in  years  [the  calendar,  alas !  seems 
to  justify  this  shocking  statement]  soon  to  go  before 
the  bar  of  justice.  Can  you  meet  your  God  with  the 
terrible  cries  ringing  in  your  ears  of  these  creatures,  our 
helpless  brothers,  made  by  his  hand,  that  you  have  drawn 
and  quartered?-  How  they  must  haunt  you.  .  .  .' 
When  your  time  comes  to  die,  every  cry  of  pain  and 
anguish  that  you  have  been  the  cause  of  producing  in 
these  helpless  creatures  will  follow  you  to  the  depths 

1.  In  the  American  Journal  of  the  Medical  Sciences  for  July, 
1865,  p.  67,  Dr.  S.  Weir  Mitchell,  the  late  Dr.  Morehouse  and  I  pub- 
lished a  paper  on  the  ''Antagonism  of  Atropia  and  Morphia/'  based 
on  observations  and  experiments  in  the  Army  Hospital  for  Injuries 
and  Diseases  of  the  Nervous  System.  The  reason  which  caused  us  to 
make  this  investigation  was*  that  we  desired  to  find  better  means  for 
"soothing  the  pain  of  those  terrible  cases  of  neuralgia"  following 
gunshot-wounds  of  large  nerves.  These  are  accurately  described  in 
the  paper  as  causing  "anguish"  and  "agony" — no  word  could  be 
too  strong.  Accordingly,  in  our  efforts  we  tried  a  number  of  com- 
mon and  iF>ome  uncommon  drugs,  and  finally  found  that  morphin  (the 
active  principle  of  opium)  was  the  best  remedy  and  yet  had  many 
disadvantages.  Ultimately  we  found  that  by  combining  with  it  a 
certain  amount  of  atropin  (the  active  principle  of  belladonna)  we 
obtained  the  best  results.  The  facts  discovered  in  our  investigations 
have  long  since  become  merged  in  the  common  knowledge  of  the 
profession,  an^  standard  tablets  with  different  proportions  of  the 
two  drugs  are  manufactured  and  used  all  over  the  world.  Most  of 
our  patients  operated  on  (entirely  by  hypodermic  injections)  were 
sorely  in  need  of  relief.  A  few  were  convalescents.  In  all  cases  we 
avoided  telling  them  what  drug  was  being  used,  for  every  one  knows 
how  Imagination,  fear  or  other  emotion  would  alter  the  rate  of  the 
pulse  or  of  the  breathing.  Not  one  man  was  injured  in  the  least. 
Not  one  ever  complained.  Many  thousands  of  human  beings  have 
been  greatly  benefited  and  many  lives  have  been  saved  through  the 
knowledge  thus  obtained. 

I  have  expressly  mentioned  these  facts  in  some  detail  because  we 
have  be«i  attacked  in  their  pamphlets  by  the  antivivisectionists  for 
these  experiments,  which  are  described  as  "human  vivisection." 


of  hell/^  Yet  I  have  "drawn  and  quartered'^  not  even 
so  much  as  a  mouse. 

But  this  same  lady  tells  me  that  she  had  survived  one 
of  the  must  serious  abdominal  operations  that  could  be 
done  —  a  hysterectomy.  This  operation  was  so  perilous 
that  until  Lister  had  devised  the  antiseptic  method  it 
was  never  even  thought  possible,  and  its  success  at  the 
present  day  is  due  chiefly  to  experiment  on  animals. 
The  writer  of  the  letter,  therefore,  is  herself  a  witness 
to  the  benefit  of  vivisection. 

Later  on  she  says,  "If  they  would  only  use  vivisectors 
for  their  experiments,  it  would  soon  be  considered 
unnecessary.^^  Her  gentlest  wish,  therefore,  is  for 
human  vivisection,  and  doubtless  "without  anesthetics.^' 
Per  contra,  in  the  newspapers  of  May  6,  1911,  a  dispatch 
states  that  seventeen  medical  students  had  offered  them- 
selves for  experimental  inoculation  with  cancer,  an  offer 
which  was,  of  course,  refused,  as  animals  can  be  used. 

A  curious  statement  in  the  letter  is,  "I  understand 
the  Rockefeller  Institute  has  had  four  or  five  of  its 
laboratories  burned,  the  animals  destroyed,  rather  than 
have  them  fall  into  the  hands  of  these  wretches,  and  if 
this  thing  were  more  widely  known,  every  medical  college 
in  the  country  would  be  razed  to  the  ground  and  the 
doctors  tarred  and  feathered.^'  The  insurance  companies, 
I  am  quite  certain,  have  never  heard  of  the  one  laboratory 
which  the  Rockefeller  Institute  possesses  having  been 
burned.  But  what  a  strange  exhibition  of  kindness  it 
is  to  gloat  over  the  fact  that  the  poor  animals  in  these 
supposed  laboratories  had  been  roasted  to  death  "without 
anesthetics.^' 

If  three  instances  are  not  sufficient,  here  is  a  fourth 
—  a  signed  letter  from  Chicago.  Referring  to  one  ease 
wliich  I  had  published  as  an  illustration  of  the  value 
of  vivisection  in  saving  human  life,  she  says,  "My 
sympathy  for  the  parents  of  that  young  man  .  .  . 
would  have  been  deep,  but  not  so  keen  as  for  a  mother 
dog  who  saw  her  puppy  tortured  to  death  on  a  dissecting 
table.  .  .  .  Even  if  you  did  save  a  man's  life,  was 
it  worth  while?''  (Italics  in  the  letter!)  This  lady 
wrongly  assumes  that  the  puppy  was  "tortured  to  death," 
i.  e.,  without  anesthetics.  This,  I  am  glad  to  say,  is  not 
true,  as  I  shall  show  later  on.  To  her  question,  "Was  it 
worth  while?"  I  can  only  say,  "Ask  his  father  and 
mother." 


And  this  is  the  ennobling  influence  of  antivivisection ! 

A  fifth  communication  is  from  a  lady  who  was  per- 
sonally acquainted  with  myself  and  my  family.  She 
sent  me  a  pamphlet  with  some  good  advice,  ending  with 
the  terse  injunction,  "Do  God's  work,  not  the  Devil's,'' 
and  had  the  courage  to  sign  her  name. 

A  sixth  lady  sent  me  (anonymously)  an  article  from 
one  of  our  magazines,  with  many  marginal  annotations 
and  much  underscoring.  From  this  I  select  a  few 
sentences. 

"Millions  of  people  regard  him  [the  vivisector]  with 
loathing,  and  shudder  with  horror  at  his  name.  .  .  . 
Frightful  as  the  sufferings  of  this  tortured  dog  must  be, 
I  would  rather  be  in  its  place  than  yours  when  your 
soul  is  summoned  to  its  final  judgment  to  receive 
judgment  without  mercy.  [This  seems  to  be  a  favorite 
threat  of  my  correspondents.]  May  God  so  deal  with 
every  fiend  incarnate  who  has  thus  tortured  defenseless 

creatures All  the  demons   and  fiends   do 

not  dwell  in  Hades.  Some  are  made  in  the  image  of 
God,  but  have  hearts  blacker  and  more  cruel  than  the 
arch-fiend  himself.  These  are  the  vivisectors  who 
'benefit'  mankind." 

I  have  received  very  many  more  such  letters  —  usually 
anonymous.    These  six  may  serve  as  samples. 

I  would  willingly  accept  the  supposition  of  unbalanced 
minds  as  an  explanation  and  palliation  for  such  letters 
but  for  their  number  and  for  the  fact  that  thev  so 
entirely  coincide  with  almost  all  the  "repulsive  litera- 
ture" (to  use  Lord  Coleridge's  words)  published  by  the 
various  antivivisection  societies. 

A  brief  search  through  only  a  part  of  my  file  of  this 
antivivisection  literature  enables  me  to  cull  the  following 
evidences  of  a  similar  debasing  violence  and  vindictive- 
ness.    The  list  could  easily  be  extended. 

"The  art  of  torture  has  been  carried  to  a  perfection 
which  the  devildoms  of  Spain  in  the  old  days  of  the 
Inquisition  could  not  equal  in  ingenuity  or  pitilessness." 

'Vivisection  is  the  anguish,  the  hell  of  science.  All 
the  cruelty  which  the  human  or  rather  the  inhuman 
heart  is  capable  of  inflicting  is  in  this  one  word.  Below 
it  there  is  no  depth.  This  word  lies  like  a  coiled  serpent 
at  the  bottom  of  the  abyss." 

"Animals  are  dissected  alive  —  usually  without  the 
use  of  anesthetics." 

"The  vivisector  keeps  his  victim  alive  while  he  cuts 
itup.^^ 
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"Vivisection  founded  on  cruelty,  supported  by  false- 
hood, and  practiced  for  selfish  ends/' 

"The  vivisector  is  less  valuable  to  the  world  than  the 
animals  he  destroys/' 

"A  thing  I  know  to  be  damnable  whatever  the  results." 

"An  organized  system  of  barbarity." 

"Vivisector  and  criminal  become  interchangeable 
terms." 

"Cowards  who  perpetrate  hideous  crimes." 

"Experiments  on  living  animals  is  a  system  of  long- 
protracted  agonies,  the  very  recollection  of  which  is 
enough  to  make  the  soul  sick  as  if  with  a  whiff  and  an 
after-taste  of  a  moral  sewer." 

"Impious  barbarity  of  the  vivisector." 

"All  other  forms  of  sinful  cruelty  are  comparatively 
trifling  compared  with  the  horrors  of  vivisection." 

"Deliberate  dabbling  in  blood  and  agony." 

"Cruelty  the  inevitable  and  odious  spawn  of  secret 
vivisection." 

"Blood-stained  hands  of  the  grim  tormentors." 

"Bloody  mass  of  agony." 

"Devilish  inventions  of  unbalanced  mentality." 

At  a  hearing  before  a  committee  of  the  Legislature 
of  Pennsylvania,  I  heard  myself  and  others  who  were 
advocating  the  humane  work  of  vivisection  called 
"hvenas"  bv  a  woman. 

Briefer  descriptive  terms  are  as  follows: 

seientific  hells  temples  of  torment  • 

torture-house  -cruelty  of  cruelties 

orgy  of  cruelty  infernal  worlc 

halls  of  agony  hellish  wrong 

inhuman  devil  devil's  work 

devils  incarnate  lust  of  cruelty 

scientific  murder  scientific  assassination 

abominable  sin  torture  of  the  innocent 

devilish  science  black  art  of  vivisection 

fiends  incarnate  satanic 

damnably  mean  fiends 

arch-fiend  human  monsters 

master  demon  demons 
diabolical  vivisection 

Antivivisection  writers  nearly  always  state,  assume  or 
imply  that  all  experiments  are  "tortures,"  i.  e.,  that 
anesthetics  are  not  used.     This  is  wholly  erroneous. 

In  Great  Britain,  where  all  experiments  are  returned 
to  the  government,  the  following  table  for  1906  (the 
latest  I  happen  to  have)  will  show  how  utterly  inde- 
fensible is  such  an  assumption.  It  is  a  fair  presumption 
that  about  the  same  average  exists  in  the  United  States. 
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Per  cent. 

Inoculations,  etc.,  not  involving  any  operation 93.96 

Animals  killed  under  anesthetics 3.44 

Animals  allowed  to  recover  from  anesthetic  but  nothing 
likely  to  cause  pain  and  no  further  operation  allowed 
without  anesthetic 2.60^ 


100.00 


In  other  words,  only  twenty-six  animals  out'  of  1,000 
could  by  any  possibility  have  suffered  ani/  pain,  and 
very    few    of    these    any    serious    pain.     Is    this    the" 
torture  and  agony  so  constantly  harped  on?^ 

Many  of  the  instances  cited  in  antivivisection  litera- 
ture are  taken  from  researches  —  such  as  Slagendie's  —  . 
which   were  made  before  anesthetics ,  Were   discovered, 
over  sixty-five  3'ears  ago.   .,  .  ./ 

The  rest  in  ^hich  real  crueltv  wa^ '  inflicted,  and 
which  if  done  now  would  be  condemned  by  all  modern 
research  workers  as'  freelv  as  by  the  antivivisectionists 
themselves,  were  done  almost  wholly  dji  the  Continent, 
and  often  by  persons  who  are  now  dead.  In  discussing 
vivisection  to;day,  these  should  be  excluded,  or  their 
dates  and  countries  indicated,  for  the  public,  ignorant  of 
medical  history,  is  misled  into  supposing  that  these 
persons  are  living  and  practicing  these  methods  to-day 
and  in  America. 

In  one  of  the  anonymous  replies  to  my  paper  on  the 
"Misstatements  of  Antivivisectionists,"  I  am  represented 
as  the  apologist  and  advocate  of  experiments  of  which 
twice  over  at  the  Senate  Committee  hearing  and  again  .in 
my  letter  to  Mr.  Brown  I  had  expressed  my  utter  dis- 
approval. I  am  always  willing  to  face  a  truthful  charge, 
but  it  is  a  hopeless  task  to  meet  untruthful  charges, 
especially  when  the  author  is  ashamed  of  his  own  name. 

"Hell  at  Close  Range"  is  the  title  given  by  Miss  Ellen 
Snow  to  a  leaflet' dealing  with  the  work  of  the  Eockefel- 
ler  Institute.  One  would  scarcely  ex])ect  such  a  fierce 
heat  from  so  frosty  a  name. 

2.  Since  this  address  was  deUvored  tho  report  of  tho  BrltlHh 
Royal  Commission  on  Viylsection,  on  which  the  antiviviHoctloniHtH 
were  represented,  has  appeared.  One  oi  their  unanimous  (•r>n- 
clusions  (page  20)   is  as  follows: 

"We  desire  to  state  that  the  harroicino  dcHcrlptionH  and  illuHtra- 
tions  of  operations  inflicted  on  animals,  which  are  freely  circulated 
ftf/  post,  advertisement  or  otherwine,  are  in  many  cases  calculated  tit 
mislead  the  puhliCy  so  far  as  they  suyyest  that  the  animals  in  f/ues- 
tion  were  not  under  an  anesthetic.  To  represent  that  anivials  sub- 
jected to  experiments  in  this  country  are  uantonly  tortured  would, 
in   our  opinion,    he   absolutely   false." 

This  clear  statement  should  end  this  calumny. 
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At  this  institute,  by  experiments  on  twenty-five 
monkeys  and  100  guinea-pigs,  most  of  which  animals 
recovered,  has  been  discovered  a  serum  that  has  brought 
the  former  death-rate  of  cerebrospinal  meningitis  of  75 
or  90  per  cent,  down  to  20  per  cent,  and  less.  Is  it 
because  of  this  beneficent  work  that  it  is  called  "Hell"  ? 

At  this  institute  has  been  discovered  a  means  of 
transfusion  of  blood  that  has  already  saved  scores  of 
human  lives.    Is  this  the  reason  for  calling  it  "Hell"? 

At  this  institute  a  method  of  criss-crossing  arteries 
and  veins,  which  almost  always  run  alongside  of  each 
other,  has  been  discovered  by  which  impending  gangrene 
has  been  prevented.    Does  this  make  it  a  "Hell"? 

At  this  institute  the  cause  and  the  cure  of  infantile 
paralysis  are  being  sought.  Are  such  investigations 
carried  on  in  "Hell"? 

Miss  Snow  in  this  same  leaflet  expresses  in  italics 
her  horror  at  the  idea  of  the  proposition  of  the  institute 
"to  build  a  hospital  where  the  experiments  may  be  con- 
tinued on  human  beings."  It  may  be  of  interest  to  her 
and  also  to  others  to  know  that  this  hospital  was  opened 
in  October,  1910,  and  that  the  public,  undeterred  by  her 
horror,  have  thronged  to  it  in  such  numberfe  that  there 
have  not  been  beds  enough  for  the  several  hundreds  of 
disappointed  applicants. 

An  editorial  in  the  Journal  of  Zoophily^  records  a 
gift  to  this  Rockefeller  Institute,  "an  institution  in 
New  York  where  vivisection  should  be  practiced  with 
the  idea  of  achieving  as  great  an  advance  as  possible  in 
the  war  of  science  against  human  suffering,"  and  adds, 
"but  the  gift  only  fanned  into  fury  the  opposition  of 
the  women  to  experiments  on  living  animals,  no  matter 
hotv  great  the  antiripated  benefit/'  Could  cruel  passion 
be  better  expressed  ? 

Can  a  cause  which  so  seriously  injures  the  character 
of  its  advocates  that  they  indulge  in  this  prolific  vocabu- 
lary of  vituperation  by  any  possibility  have  an  uplifting 
influence  ?  It  eminently  fulfils  the  proposed  test  —  it 
"hurts  the  character  and,  therefore,  cannot  be  right." 

Are  those  who  give  loose  rein  to  such  passion  fitted  to 
form  a  sound  and  sane  judgment  on  the  subject  about 
which  they  write?  Tliis  is  especially  true  when  the 
matter,  is  one  so  technical  as  anatomic,  physiologic, 
chemical,  patliologic  and  surgical  investigations  as  -to 

3.   Jour.  Zoophily,   January,   11)00,   p.   2. 
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which  they  cannot  be  expected  to  know  and,  in  fact, 
do  not  know  anything.  Even  relatively  few  medical 
men  are  fitted  by  temperament  and  training  to  act  as 
censors  of  such  researches,  much  less  those  igndrant  of 
medicine. 

I  believe  that  much  of  the  passion  shown  in  the  above 
quotations  is  the  result  of  ignorance.  Most  of  the 
attacks  on  vivisection,  as  I  have  said,  assume  or  even 
state  categorically  that  anesthetics  are  not  used.  Saving 
in  the  very  rare  cases  in  which  the  use  of  anesthetics 
would  entirely  frustrate  the  experiment,  anesthetics  are 
always  used.  This  is  done  not  only  for  reasons  of 
humanity,  but  also  because  the  struggles  of  a  suffering 
animal  would  make  delicate  and  difficult  operations 
absolutely  impossible,  to  say  nothing  of  the  danger  of 
injury  to  the  operator. 

The  always-quoted  opinion  of  Professor  Bigelow  was 
founded  on  what  he  had  seen  at  the  Veterinary  School 
at  Alfort,  France,  in  the  preanesthetic  days.  Many 
absolutely  false  statements  are  made  that  anesthetics 
were  not  used  in  certain  specified  experiments,  whereas 
the  experimenters  have  expressly  stated  that  anesthetics 
were  used.  Of  such  misstatements  by  antivivisection 
authors  I  shall  give  some  startling  instances  later.  It 
is  no  wonder  that  the  public  has  been  thus  misled. 
"Cutting  up  men  and  women  alive"  is  an  accurate 
description  of  every  surgical  operation,  but  we  all  know 
that  while  in  comparatively  few  reports  of  surgical 
operations  it  is  expressly  stated  that  an  anesthetic  was 
used,  such  use  "goes  without  saying." 

One  of  the  most  frequent  antivivisection  statements 
is  that  "incomplete"  or  "slight"  or  "light"  anesthesia 
means  that  the  animal  is  fully  able  to  feel  pain  and  that 
when  the  eye  resents  a  touch  or  there  is  muscular  move- 
ment following  any  act  which  would  be  painful  when 
one  is  not  anesthetized,  pain  is  actually  being  inflicted. 
Mr.  Coleridge  says  (Question  10,387  in  his  testimony 
before  the  Second  Eoyal  Commission  on  Vivisection), 
"What  does  ^anesthetized'  mean?  It  means  Without 
feeling.^  You  cannot  be  slightly  without  feeling.  You 
either  feel  pain  or  you  do  not." 

•  Very  recently  when  I  had  nitrous  oxid  gas  given 
several  times  to  a  lady  to  bend  a  stiff  elbow  she  struggled 
and  writhed  so  hard  as  almost  to  throw  herself  out  of 
the  dentist's  chair  onto  the  floor.  Yet  she  was  never 
conscious  of  the  slightest  pain.    In  other  words,  while 
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the  motor  nervous  centers  responded  to  my  forcible 
bending  movements  and  caused  violent  muscular  str.ug- 
gles,  the  perceptive  nervous  centers  felt  no  pain.  But 
any  sp'ectator  would  surely  have  said  that  she  was  being 
"tortured/'  This  is  only  one  of  hundreds  of  similar 
cases  1  have  had;  all  other  surgeons  have  had  similar 
experiences.         • 

In  modern  laboratorv  researches,  ether  or  other 
anesthetics  are  almost  always  given.  Extremely  few 
exceptions  occur,  and  then  only  with  the  consent  of  the 
director  in  each  specific  case.  The  actual  conditions  at 
the  present  day  are  well  shown  by  the  rules  in  force  in 
practically  all  American  lal)oratories  of  research.  These 
rules  have  been  in  operation  for  over  thirty  years  in 
one  case  and  for  more  than  ten  vears  in  others.  In 
most  laboratories  in  which  students  work,  and  where 
they  are  absolutely  under  the  control  of  the  director, 
the  only  animal  used  is  the  frog,  and  by  "pithing"  "or 
decapitating  it,  it  is  made  wholly  insensible  to  pain. 

The  idea  that  students  privately  "torture"  animals, 
often,  it  is  stated,  out  of  mere  curiosity,  is  absolutely 
false.  I  have  been  intimatelv  associated  with  students 
ever  since  ISGO,  first  as  a  student  and  since  1866  as  a 
teacher.  I  state,  therefore,  what  I  am  in  a  position  to 
know.  Moreover,  private  experimental  research  takes 
time  which  our  overworked  students  do  not  have,  and 
money  which  they  cannot  afford.  It  means  the  rent  of 
a  laboratory,  the  purchase  of  very  expensive  and  delicate 
instruments,  the  rent  of  an  animal  room,  the  cost  of  the 
animals,  and  of  their  food  and  care,  a  man  to  look  after 
them  —  for  all  modern  surgical  work  on  animals  must 
be  done  with  the  same  strict  antiseptic  care  as  on  man 
or  the  experiment  will  surely  fail  and  discredit  the 
author  —  a  total  expense  amounting  to  a  very  large  sum. 

I  quote  in  full  the  rules  which,  as  I  have  said,  are  in 
force  in  practically  all  Ameiican  laboratories  of  research: 

KULES    KEGARDIXG    ANIMALS 

1.  Vagrant  dogs  and  eats  brought  to  this  laboratory  and 
purchased  here  shall  be  lield  at  least  as  long  as  at  the  city 
pound,  and  shall  be  returned  to  their  owners  if  claimed  and 
identified. 

2.  Animals  in  the  laboratory  shall  receive  every  considera- 
tion for  their  bodily  comfort;  they  shall  be  kindly  treated, 
])roperly  fed,  and  their  surroundings  kept  in  the  best  possible 
sanitary  condition. 
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3.  No  operations  on  animals  shall  be  made  except  with  the 
sanction  of  the  director  of  the  laboratory,  who  holds  himself 
responsible  for  the  importance  of  the  problems  studied  and  for 
the  propriety  of  the  procedures  used  in  the  solution  of  these 
problems. 

4.  In  any  operation  likely  to  cause  greater  discomfort  than 
that  attending  anesthetization,  the  animal  shall  first  be  ren- 
dered incapable  of  perceiving  pain  and  shall  be.  maintained  in 
that  condition  until  the  operation  is  ended. 

Exceptions  to  this  rule  will  be  made  by  the  director  alone, 
and  then  only  when  anesthesia  would  defeat  the  object  of  the 
experiment.  In  such  cases  an  anesthetic  shall  be  used  so  far 
as  possible  and  may  be  discontinued  only  so  long  as  is  abso- 
lutely essential  for  the  necessary  observations. 

5.  At  the  conclusion  of  the  experiment  the  animal  shall  be 
killed  painlessly.  Exceptions  to  this  rule  will  be  made  only 
when  continuance  of  the  animal's  life  is  necessary  to  deter- 
mine the  result  of  the  experiment.  In  that  case,  tlie  same 
aseptic  precautions  shall  be  observed  during  the  operation,  and 
so  far  as  possible  the  same  care  shall  be  taken  to  minimize 
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discomforts    during    the    convalescence    as    in    a    hospital    for 
human  beings. 

[Signed] •   

Director  of  the  Laboratory. 

I  may  add  that  at  tlie  Eoekefeller  Institute  regular 
trained  nurses  are  employed  and  are  on  duty  not  only 
during  the  day^  but  at  night  when  necessary. 

Self-confessed  total  ignorance  of  a  subject  on  which 
one  gives  extensive  evidence  is  not  often  known^  but 
Dr.  Herbert  Snow  of  London,  an  authority  amono-  the 
antivivisectionists,  is  a  case  in  point.  Dr.  Snow's  evi- 
dence before  the  Eoyal  Commission  on  Vivisection 
(1906)  covers  ten  pages  quarto  and  he  answers  320 
questions.  In  1911  Dr.  Snow  visited  America.  In  a 
letter  to  the  Philadelphia  Ledgev^  he  makes  tlie  almost 
incredible  statement  that  he  gave  all  this  evidence  *'in 
utter  ignorance  of  the  vivisection  question."   . 

Moreover,  when  asked  by  the  Commission  (Question 
2242),  "Do  you  find  any  fault  with  the  present  gentle- 
men who  are  licensed  under  the  act"?  he  replied,  "I  do 
not,^'  and  again  (Questions  2227  and  2228)  he  admits 
that  both  painful  and  painless  experiments  may  some- 
times be  necessary. 

In  other  cases  ignorance  of  physiology  and  anatomy 
is  shown  which  would  only  excite  a  smile  did  it  not 

4.  Philadelphia  Ledger,  March  6,  1911. 
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gravely  mislead  the  reader.  I  shall  give  only  a  single 
illustration  here.  Others  will  be  found  elsewhere  in 
this  paper. 

"The  Nine  Circles/^  with  its  sulphurous  subtitle, 
"Hell  of  the  Innocent,"  is  an  English  book  originally 
issued  by  the  late  Miss  Frances  Power  Cobbe,  in  1892. 
This  edition  had  to  be  withdrawn  on  account  of  its 
false  statements,  especially  as  to  the  non-use  of  ether.** 
A  second  and  revised  edition  was  issued  in  1893.  This 
was  "carefully  revised^ and  enlarged  by  a  subcommittee 
especially  appointed  for  the  purpose,"  as  the  preface 
states. 

On  page  15  of  the  revised  edition,  it  is  correctly 
stated  that  Prof.  Henry  P.  Bowditch  of  .the  Harvard 
Medical  School,  in  some  experiments  on  the  circulation, 
etherized  a  cat  and  that  "then  its  sciatic  nerve  was 
divided,  etc."  The  sciatic  nerve  is  the  largest  nerve  in 
the  body  of  man  and  animals  and  passes  down  the  back 
of  the  leg.  After  division  of  the  nerve  the  portion  going 
down  the  leg  helow  the  place  where  the  nerve  was 
divided  was  stimulated  by  an  electrical  current.  As  this 
part  of  the  nerve  was  wholly  cut  off  from  the  spinal 
cord  and  brain,  hy  no  possibility  could  any  pain  be  felt. 
Yet  a  Boston  lawyer,  in  a  leaflet  published  by  the  New 
England  Antivivisection  Society,  comments  on  a  similar 
experiment  as  follows :  "It  will  be  readily  seen  even 
by  the  casual  reader  that  it  involves  an  amount  of  agony 
beyond  which  science  is  unable  to  go."  Just  how  the 
^^casual  reader"  would  be  so  well  informed  as  to  physi- 
ology when  a  lawyer  and  two  doctors — not  casual  but 
intelligent  and  careful  readers  —  got  things  totally 
wTong,  is  not  stated.  Dr.  Bowditch  published  a  correc- 
tion^ of  this  misstatement  in  1896.  In  spite  of  this,  the 
New  England  Antivivisection  Society  in  1909,  thirteen 
years  after  this  public  correction,  was  still  distributing 
this  lawver^s  statement. 

But  in '"The  Nine  Circles"  (second  edition,  carefully 
revised  by  Dr.  Berdoe  and  the  committee)  these  experi- 
ments are  referred  to  as  "experiments  on-  the  spinal 
cord'' I  (Italics  mine.)  Yet  Bowditch  did  no  operation 
on  tlie  spinal  cord.  Miss  Cobbe,  not  being  an  anatomist, 
might  be  pardoned  for  confusing  the  thigh  and  the  spine 
of  the  cat,  but  surely  Dr.  Berdoe  ought  to  have  seen  to 

5.  See  pp.  26,   27  nnd  28  of  this  reprint. 

6.  Bowditch,  Henry  P. :  Advancement  of  Medicine  by  Research, 
p.  43. 
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•it  that  *^sciatic  nerve"  and  "spinal  cord"  were  not  used 
as  interchangeable  terms. 

Many  years  ago,  after  amputating  a  leg  near  the  hip, 
I  tried  to  see  how  long  electric  stimulation  of  the  sciatic 
nerve  would  cause  the  muscles  of  the  amputated  leg  to 
contract.  After  four  hours,  during  all  of  which  time 
the  muscles  continued  to  react,  I  had  to  stop  as  I  could 
give  no  more  time  to  the  experiment.  According  to  the 
canons  of  antivivisection  as  voiced  above,  I  should  have 
continued  to  etherize  the  patient  whose  leg  had  been 
amputated,  for  he,  just  as  much  as  Bowditch^s  cat,  could 
feel  "agony  beyond  which  science  is  unable  to  go." 

Let  me  give  only  two  other  surprising  statements. 
Dr.  Hadwen'^  criticizes  my  reference  in  Harper's  Maga- 
zine^ to  "an  astringent  named  ^adrenalin.' "  I  had 
shown  how  valuable  adrenalin  had  been  in  saving  human 
life  in  certain  surgical  conditions,  and  also  described  the 
resuscitation,  by  means  of  adrenalin  and  salt  solution, 
of  a  dog  which  had  been  "dead"  for  fifteen  minutes.  Dr. 
Hadwen  concludes  his  paragraph  thus:  "But  it  does 
seem  a  pity  that  these  New  World  vivisectors  will  not  be 
able  to  perform  the  resurrection  miracle  without  first 
killing  somebody  to  get  at  his  kidneys."  The  presum- 
able object  of  "getting  at  his  kidneys"  would  be  in  order 
to  make  adrenalin  from  them.  Now  adrenalin  is  not 
made  from  the  kidneys  at  all,  least  of  iall  from  human 
kidneys,  but  from  the  adrenal  glands  of  animals. 

In  the  same  article  he  vaunts  the  use  of  salt  solution 
instead  of  the  direct  transfusion  of  blood,  and  rightly 
says  that  he  has  "seen  the  most  marvelous  effects  follow 
the  injection  of  an  ordinary  saline  solution  into  the 
venous  system  in  cases  of  loss  of  blood."  But  he  seems 
to  be  ignorant  of  the  fact.that  this  very  saline  transfusion 
was  begun  and  perfected  by  experiments  on  animals.  I 
commend  to  him  Schwarz's  essay  (Halle,  1881)  with  its 
twenty-four  experiments  on  rabbits  and  dogs,  and 
Eberius'  essay  (Halle,  1883)  with  its  ten  experiments 
on  rabbits  and  the  record  of  eleven  cases  in  which 
Schwarz's  method  had  already  been  used  in  man.  These 
essays  were  practically  the  beginning  of  our  knowledge 
of  the  advantages  of  the  use  of  salt  solution  over  the 
old  dangerous  methods  of  transfusion  of  blood. 

The  antivivisectionists  deny  the  truths  of  bacteriology. 
Yet  we  practical  physicians,  surgeons  and  obstetricians 

7.  Hadwen :  .Tour.  Zoophily,  Jantiary,   1910. 

8.  Keen,  W.  W. :  Harper's  Magazine,  April,  1909. 
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know  by  daily  experience  that  Pasteur^s  and  Lister's 
researches  are  the  basis  of  most  of  our  modern  progress. 
Are  Hadwen,  Harrigan^  Snow  and  their  colleagues  right 
and  have  all  medical  colleges  all  over  the  world  in  estab- 
lishing chairs  of  bacteriology  and  all  medical  men  in 
believing  baeteriologic  diagnosis  of  such  importance  and 
in  basing  on  the  germ  theory  their  antiseptic  treatment 
which  has  so  revolutionized  modern  surgery  been  wholly 
wrong?  The  germ  theory  is  as  well  established  as  the 
doctrine  of  the  circulation  of  the  blood.® 

II.     FOSTERING  A  SPIRIT  OF   CRUELTY  TO  HUMAN  BEINGS 

My  second  reason  for  believing  that  antivivisection 
injures  character  is  that,  by  putting  a  greater  value  on 
the  well-being  and  the  lives  of  monkeys,  guinea-pigs, 
rabbits,  dogs,  cats,  mice  and  frogs  than  on  the  lives 
of  human  beings,  it  fosters  a  spirit  of  cruelty  to  human 
beings. 

Is  it  not  a  cruel  passion  which  will  lead  men  and 
women  to  write  such  letters  and  to  print  such  epithets 
as  I  have  quoted?  Is  it  a  right  thing  to  misstate  the 
facts  of  operations,  and  after  the  falsity  of  the  charge 
has  been  proved,  still  continue  for  years  to  hold  up  men 
with  human  feelings  and  sensitive  to  abuse  before  the 
community  as  vile  monsters  of  cruelty?  Xay,  more 
than  this,  is  it  not  an  extraordinary  thing  that  those 
who  so  vehemently  denounce  human  vivisection  are  even 
among  its  advocates  ? 

9.  In  Mrs.  tVhite's  answer  to  this  address  (Boston  Med.  and  Surg. 
Jour.,  July  25,  1912,  p.  143),  as  the  editor  on  page  131  points  out, 
her  reference  to  the  "fever  inseparable  from  the  healing  of  abdominal 
wounds"  shows  ignorance  of  the  results  of  modem  progress  in  sur- 
gery. Thanks  to  bacteriology  and  the  antiseptic  method  of  Lister 
and  his  followers,  thousands  of  surgeons  and  patients  the  world 
over  can  confirm  my  own  experience,  both  as  a  surgeon  and  as  a 
patient,  that  no  fever  usually  follows  a  clean  abdominal  operation. 
Before  Lister's  day,  not  only  was  there  the  terrible  fever  and  suf- 
fering of  peritonitis,  but  the  mortality  was  so  great  that  we  never 
dared  to  do  many  operations  which  are  now  commonplace  and 
rarely  fatal.  Another  illustration  of  ignorance  of  surgery  is  found 
in  Mrs.  White's  reference  (p.  143)  in  the  same  paragraph  to  the 
"pain  caused  by  the  presence  of  gall-stones  in  the  gall-bladder,"  a 
pain  which  she  says  "is  generally  considered  the  most  violent  pain 
known."  Now,  it  is  tru6  that  sometimes  "gall-stones  in  the  gall- 
bladder" do  cause  some  or  even  considerable  pain  ;  but  many  post- 
mortem examinations  reveal  "gall-stones  in  the  gall-bladder"  which 
have  never  given  the  patient  the  slightest  pain,  and  the  patient, 
therefore,  was  totally  ignorant  of  their  presence.  The  "violent 
pain"  to  which  she  refers  is  due  not  to  their  presence  in  the  gall- 
bladder, but  to  the  terrible  "gall-stone  colic"  caused  by  the  passage 
of  the  gall-stones  out  of  the  gall-bladder  into  its  duct,  or  tube, 
opening  into  the  bowel.  Modetn  antiseptic  surgery  prevents  these 
constantly  recurring  attacks  by  safely  removing  the  gall-stones  from 
the  gall-bladder  or  from  the  gall-duct. 
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WKen  I  was  professor  of  surgery  in  the  Woman's 
Medical  College  of  Pennsylvania  I  took  as  the  topic  of 
my  address  at  one  of  the  commencements,  "Our  Kecent 
Debts  to  Vivisection."  Mrs.  Caroline  Earle  White  pub- 
lished "An  Answer  to  Dr.  Keen's  Address  Entitled, 
"Our  Eecent  Debts  to  Vivisection."  At  the  bottom  of 
page  4  I  find  the  following:  "I  take  issue  with  Dr. 
Keen  in  the  second  place  where  he  says,  ^These  experi- 
ments cannot,  nay,  must  not,  be  tested  first  upon  man.' 
I  assert,  on  the  contrary,  that  in  the  majority  of  cases 
they  must  he  tested  first  upon  m^n  [italics  my  own]  or 
not  tested  ^t  all,  because  no  important  deductions  can 
ever  be  drawn  with  any  degree  of  certainty  from  experi- 
ments upon  animals,  since  in  some  inexplicable  way  their 
construction  is  so.  different  from  that  of  man." 

The  statements  in  the  latter  portion  of  the  concluding 
sentence  will  much  amuse  anatomists,  physiologists  and 
biologists,  or,  in  fact,  .any  one  who  really  knows  anything 
about  science.  With  minor  modifications,  man  and  the 
lower  animals  are  alike  in  almost  all  particulars,  both 
in  structure  and  function,  in  health  and  disease. 

The  extraordinary  fact  is  that  Mrs.  White  asserts 
that  experiments  must  be  tested  first  on  men  or  not 
tested  at  all.  That  is  to  say,  we  must  either  experiment 
on  human  beings  or  else  continue  in  exactly  the  same 
old  rut  as  before  and  never  make  any  progress,  for  every 
departure  from  prior  practice,  however  slight,  is  an 
"experiment." 

If  this  basic  doctrine  of  antivivisection  had  held  good 
for  the  last  fifty  years  Lister  would  not  have  been  able, 
after  carefully  testing  his  antiseptic  method  on  animals 
and  having  found  it  successful,  then,  and  not  before 
then,  to  try  it  on  man.^®  By  this  means  he  became,  as 
the  British  Medical  Journal  has  just  called  him,  "the 
maker  of  modern  surgery." 

On  page  10  of  Mrs.  White's  "Answer"  is  found  the 
following  fiat-footed  advocacy  of  human  vivisection : 
"Dr.  Keen  mentions  that  in  India  alone  20,000  human 
beings  die  annually  from  snake-bites  and  as  yet  no 
antidote  has  been  discovered.  How  can  we  search 
intelligently  for  an  antidote,  he  says,  until  we  know 
accurately  the  effects  of  the  poison?  I  should  reply 
that  in  order  to  find  out  the  effects  of  the  poison*  and  to 

10.  Keen,  W.  W. :  Modem  Antiseptic  Surgery  and  the  ROle  of 
Experiment  in  Its  Discovery  and  Development,  Jour.  Am.  Med. 
Assn.,  April  2,  1910,  p.  1104.  Reprinted  in  this  series  of  pamphlets 
6n  Defense  of  Research.     See  No.  XII,  page  2    of  the  cover. 
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eearch  also  for  an  antidote,  the  best  plan  would  be  for 
the  experimenters  to  go  to  India  where  they  could  find 
as. large  a  field  for  investigation  as  they  require  in  the 
poor  victims  themselves.  Here  is  an  opportunity  such 
as  is  not  often  offered  for  experimenting  upon  human 
beings,^^  since  as  they  would  invariably  die  from  the 
snake-bites,  there  can  be  no  objection  to  trying  upon  them 
every  variety  of  antidote  that  can  be  discovered,  Nothing 
seems  to  me  less  defensible  than  these  experiments  on 
the  poison  of  snake  bites  upon  animals  since  it  is  the  one 
case  in  which  they  could  be  observed  with  so  much 
satisfaction  and  certainty  upon  man!"  (Italics  my  own.) 

Such  a  proposal  is  as  absurd  as  it  is  cruel.  Even  if 
the  experimenter  could  aiford  sufficient  time  and  money 
to  go  to  India  for  months  or  rather  for  years,  how 
could  he  arrange  to  be  present  when  such  unexpected 
accidents  occurred?  How  could  he  have  at  hand  in  the 
jungle  the  ether,  chemicals,  assistants,  tables,  tents, 
food  and  drink,  and  the  necessary  yet  intricate  and 
delicate  instruments?  And  even  if  he  had  all  of  these, 
how  could  he  work  with  the  calmness  and  the  orderly 
deliberation  of  the  laboratory  when  a  fellow '  human 
being's  life  was  ebbing  away  and  every  minute .  counted 
in  such  a  swift  poison  ?  The  proposal  is  cruel  and 
revolting  and  would  never  be  accepted  by  any 
investigator. 

But  Mrs.  White  is  not  the  only  one  who  is  guilty  of 
making  such  a  proposal.  Many  antivivisection  leaflets 
and  pamphlets  express  the  wish  that  the  vivisectors 
should  be  vivisected.  In  a  pamphlet^^  freely  distributed 
in  the  United  States  I  find  ihQ  following  in  a  letter 
from  a  man  at  that  time  a  Senator  of  the  United  States :  ♦  |K 

"It  would  be  much  better  to  dis.sect  men  alive  occasion- 
ally for  the  general  welfare  because  the  attendant 
phenomena  and  demonstration  of  the  victims  being  of 
our  own  particular  form  of  animal  would  be  far  more 
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11.  In  her  answer  to  this  address  (Boston  Med.  and  Surg".  Jour., 
July  25,  1912,  p.  143),  Mrs.  White,  after  ample  time  for  reflection, 
defends  her  proposal  for  "experimenting  on  human  beings,"  saying 
that  "it  docs  not  seem  to  me  that  this  is  a  cruel  suggestion,  as  my 
only  object  in  it  was  to  benefit  the  poor  natives  who  die  by  the 
thousand  every  year."  Such  a  defense  places  her  clearly  and  defi- 
nitely among  the  advocates  of  vivisection,  whose  "only  object"  is  - 
to  prevent  death  "by  thousands  every  year."  This  object,  more- 
over, has  already  been  obtained  in  a  score  of  diseases  and  will  be 
obtained  hereafter  in  many  others,  not,  however,  by  "experimenting 
on  human  beings,"  as  she  advocates,  but  on  dogs,  cats,  rabbits, 
guinea-pigs,  mice,  frogs,  etc.  -tt 

12.  Cobbe,  Frances  Tower,  and  Bryan,  Benjamin  :  Vivisection  in  *^' 
America,  p.  15.  hi 
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valuable  than  the  result  of  our  observation  upon  the 
physical  structure  illustrated  in  the  agonies  unto  death 
of  the  helpless  creatures  around  us/^  The  English  is  as 
distressing  as  the  proposal  is  astounding. 

Let  me  give  one  more  illustration  of  the  effect  of  anti- 
vivisection  in  encouraging  cruelty. 

To-day  the  plague,  cholera  and, yellow  fever  no  longer 
terrify  Europe  or  America.  What  is  the  reason  for  this  ? 
Primarily  and  chiefly  the  discovery  of  the  germs  of 
cholera  and  of  the  plague  by  bacteriologic  methods, 
which  in  turn  are  very  largely  the  result  of  experiment 
on  animals,  and  of  the  means  of  the  transmission  of 
yellow  fever,  though  as  yet  not  of  its  cause.  In  the 
latter  case  experiments  on  animals  were  out  of  the 
question  because  it  is  impossible  to  transmit  yellow  fever 
to  animals.  They  are  not  susceptible  to  the  poison.  So 
a  number  of  noble  medical  men  and  others  volunteered 
to  have  experiments  tried  on  them.  The  very  first 
experiments  were  tried  on  medical  men.  These  men 
slept  in  a  stifling  atmosphere  for  twenty  nights  in  the 
beds  in  which  yellow  fever  patients  had  died,  and  in 
their  very  clothes,  clothes  soiled  with  their  black  vomit, 
urine  and  feces ;  tried  to  inoculate  themselves  by  putting 
some  of  the  black  vomit  into  their  eyes,  or  by  hypodermic 
injections,  etc.,  but  all  in  vain.  By  none  of  these 
methods  were  they  able  to  inoculate  themselves  with  the 
fever.  One  step  more  was  requisite  —  to  learn  whether 
a  well  man  bitten  by  an  infected  mosquito,  but  having 
been  exposed  to  no  other  possible  source  of  infection, 
would  contract  the  disease.  Dr.  Carroll  of  the  Army 
was  the  first  to  offer  himself,  and  nearly  lost  his  life. 
Others  followed.  Several  lost  their  liyes,  among  them 
Dr.  Lazear,  at  the  beginning  of  a  most  promising  career. 
His  tablet  in  the  Johns  Hopkins  Hospital,  in  the  fine 
words  written  by  President  Eliot  records  that  "with 
more  than  the  courage  and  the  devotion  of  the  soldier, 
he  risked  and  lost  his  life  to  show  how  a  fearful  pesti- 
lence is.  communicated  and  how  its  ravages  may  be 
prevented." 

Contrast  with  this  a  cruel  letter^^  written  by  a  woman : 
"Science  is  based  on  such  firm  foundation,  indeed,  that 
it  can  at  a  moment's  notice  be  tumbled  down  and 
become  a  wrecked  mass  by  a  mosquito!  Not  only  this, 
but  these  life-long  vivisectors  could  not  even  prolong 

13.  New  York  Herald,  Aug.  2,  1909. 
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their  own  lives.  Undotie  by  a  mosquito !  I  shall  always 
have  unbounded  admiration  for  that  clever  insect.'* 
(Italics  mine.) 

This  self-sacrifice  for  humanity  has  made  us  masters 
the  world  over  of  yellow  fever,  has  made  possible  the 
Panama  Canal,  has  saved  many  thousands  of  human 
lives  and  millions  of  dollars  in  our  own  Southern  states 
alone,  and  yet  a  woman  can  feel  "unbounded  admiration 
for  the  clever  insect"  which  slew  these  heroes  and  had 
devastated  cities  and  countries  for  centuries!  Does  not 
such  antivivisection  zeal  ^^urt  character^^? 

Two  men  are  especially  obnoxious  to  the  antivivisec- 
tionist:  Pasteur,  whose  demonstration  of  the  cause  of 
that  form  of  infection  known  as  puerperal  or  childbed 
fever  alone  would  have  made  his  name  immortal;  and 
Lister,  whose  application  and  extension  of  the  principles 
laid  down  by  Pasteur  have  revolutionized  all  modern 
surgery. 

I  need  not  argue  the  case  for  Pasteur,  Lister  and 
modern  antiseptic  surgery.  Excepting  the  antivivisec- 
tionists,  every  intelligent  man  and  woman  the  world  over 
knows  that  modern  surgery  has  been  made  safe  by  their 
researches.    Let  me  give  a  single  instance. 

In  the  charming  "Life  of  Pasteur^'  by  Eene  Vallery- 
Radot,  it  is  stated^*  that,  hoping  to  overcome  the  almost 
invariably  fatal  results  of  ovariotomy  in  the  hospitals, 
the  authorities  of  Paris  "hired  an  isolated  house  in  the 
Avenue  de  Meudon,  a  salubrious  spot  near  Paris.  In 
1863  ten  women  in  succession  were  sent  to  that  house. 
The  neighbors  watched  those  ten  patients  entering  the 
house,  and  a  short  time  afterward  their  ten  coffins  being 
taken  away!"  When  I  was  the  assistant  to  the  late 
Dr.  Washington  L.  Atlee  in  the  late  60's,  two  patients 
out  of  three  on  whom  he,  the  foremost  ovariotomist  in 
America,  operated  died. 

To-day,  thanks  to  Pasteur  and  Lister  and  modern 
surgery,  based  on  experiment  on  animals  more  than  on 
any  other  foundation,  not  more  than  two  or  three  in  a 
hundred  die  after  ovariotomy.  Yet,  if  the  antivivisec- 
tionists  had  prevailed,  the  horrible  mortality  of  the 
earlier  days  and  even  the  tragedy  of  the  ten  women  and 
the  ten  coffins  would  still  exist.     Is  not  this  cruelty? 

Let  me  take  another  illustration  of  a  similar  cruelty, 
a   form   especially    interesting    to    women.      Prof.    J. 

14.  Vallery-Radot :  Life  of  Pasteur,  ii,  16. 
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Whitridge  Williams,^'*  professor  of  obstetrics  in  the 
Johns  Hopkins  University,  states  the  following  facts: 
In  1866  Lefort  showed  that  in  888,312  obstetric  cases 
in  the  hospitals  of  France  up  to  1864,  30,394  women 
had  died  of  puerperal  fever ;  that  is  to  say,  3.5  per  cent., 
or  about  every  twenty-seventh  mother.  From  1860  to 
1864  the  mortality  in  the  Maternity  of  Paris  had  risen 
nearly  fourfold,  to  12.4  per  cent.  In  December,  1864, 
it  rose  to  57  per  cent. ;  that  is  to  say^  more  than  one-half 
of  the  women  who  bore  children  in  that  hospital  in  that 
month  died  of  childbed  fever !  In  Prussia  alone,  in  the 
sixty  years  from  1815  to  1875,  Boehr  showed  that 
363,624  women  had  died  of  the  same  fever  and  estimated 
that  every  thirtieth  prospective  mother  was  doomed  to 
death  from  that  cause.  In  the  United  States,  Hodge, 
of  Philadelphia,  showed  that  in  the  Pennsylvania  Hos- 
pital from  1803  to  1833  there  had  been  a  mortality  of 
5.6  per  cent. ;  i.  e.,  every  eighteenth  mother  was  doomed. 
Lusk  reported  an  epidemic  in  1872  with  18  per  cent.; 
that  is,  almost  every  fifth  mother  perished  from  the 
same  fever! 

As  late  as  March,  1879,  only  thirty-three  years  ago, 
at  the  Paris  Academy  of  Medicine,  when  the  leading 
men  in  a  debate  on  childbed  fever  were  at  a  loss  to 
account  for  it,  Pasteur  drew  on  the  blackboard  what 
we  now  know  as  the  streptococcus  and  declared  this  little 
vegetable  organism  to  be  its  cause.  Our  own  Oliver 
Wendell  Holmes  in  1843  was  the  first  who  declared  on 
clinical  grounds  that  the  doctors  and  the  nurses  carried 
the  contamination,  but  how  and  why  he  could  not  know, 
for  bacteriology  did  not  then  exist.  He  was  followed 
by  Semmelweis,  of  Vienna,  who  in  1861  still  further 
reinforced  the  reasoning  of  Holmes,  and  for  his  pains 
was  tabooed  by  his  professional  colleagues  and  ended  his 
life  in  a  madhouse. 

The  result  of  Pasteur's  researches  and  the  practical 
application  of  Lister's  antiseptic  method  to  obstetrics  as 
well  as  to  surgery  have  borne  the  most  astounding  and 
gratifying  fruit.  For  instance,  in  1909  Markoe  reported 
in  the  New  York  Lying-in  Hospital  in  60,000  births  a 
maternal  mortality  of  only  0.34  per  cent.,  and  Pinard 
in  1909  in  45,633  births  recorded  a  mortality  of  only 
0.15  per  cent.,  while  in  1907  Mermann  had  been  able 

15.  Williams,  J.  Whitridge :  Obstetrics  and  Animal  Experimenta- 
tion, Jour.  Am.  Med.  Assn.,  April  22,  1911,  p.  1159,  and  this  series 
of  pamphlets  No.  XVIII. 
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to  report  a  mortality  of  only  0.08  per  cent,  in  8,700 
patients !  In  other  words,  these  reports  show  in  round 
numbers  that,  taking  in  the  two  extremes,  the  deaths 
from  childbed  fever  fell  from  the  extraordinary  rate 
of  fifty-seven  in  a  hundred  mothers,  or  the  former  usual 
rate  of  five  or  six  in  every  hundred  mothers,  to  one 
mother  in  1,250.  • 

If  for  fifty  years  past  the  antiviviseetionists  had  had 
their  way,  all  these  marvelous  results  in  obstetrics  would 
have  been  prevented  and  women  would  still  be  dying 
by  the  hundred  and  the  thousand  from  puerperal  fever 

—  an  entirely  preventable  disease.  Would  it  not  have 
been  the  height  of  cruelty  to  stop  these  experiments? 
But  according  to  the  Journal  of  Zoophilj/  such  wonder- 
ful life-saving  experiments  should  be  prohibited,  ''no 
matter  how  great  the  anticipat4^'  benefit/' 

In  surgery,  erysipelas,  blood-poisoning,  lockjaw,  hos- 
pital gangrene,  etc.,  would  still  be  killing  our  patients 
right  and  left;  weeks  of  suffering,  to  say  nothing  of 
danger,  would  confront  every  patient  operated  on;  the 
modern  surgery  of  the  head,  of  every  organ  in  the 
abdomen  and  pelvis,  of  tumors  and  of  cancer,  amputa- 
tions and  many  other  operations,  instead  of  being  almost 
painless  and  so  safe  as  they  are  to-day,  would  be  the 
cause  of  prolonged  illness,  pain  and  death ;  in  fact,  most 
of  them  would  be  deemed  entirely  impossible  of  perform- 
ance—  they  we7'e  impossible  before  Pasteur  and  Lister 

—  and  animals  themselves  would  still  be  suffering  as 
of  old  from  animal  maladies  whose  causes  are  now 
known  and  whose  ravages  have  been  enormously 
diminished. 

Call  you  not  the  desire  to  arrest  such  experiments 
cruelty  to  man  and  animals  alike? 

In  a  speech  in  the  House  of  Commons,  April  4,  1883, 
Sir  Lyon  Play  fair,  the  Deputy  Speaker,  said : 

For  myself,  though  formerly  a  professor  of  chem'istry  in  the 
greatest  medical  school  of  this  country  [Edinburgh],  I  am 
responsible  only  for  the  death  of  two  rabbits  by  poison,  and  I 
ask  the  attention  of  the  House  to  the  case  as  a  strong  justifi- 
cation for  experiments  on  animals;  and  yet  I  should  have  been 
treated  as  a  criminal  under  the  present  act  [the  British  vivi- 
section law]  had  it  then  existed. 

Sir  James  Simpson,  who  introduced  chloroform,  .  .  . 
was  then  alive  and  in  constant  quest  of  new  anesthetics.  He 
came  to  my  laboratory  one  day  to  see  if  I  had  any  new  sub- 
stances   likely    to    suit   his   purpose.    I   showed   him   a   liquid 
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which  had  just  been  discovered  by  one  of  my  assistants,  and 
Sir  James,  who  was  bold  to  rashness  in  experimenting  on  him- 
self, desired  immediately  to  inhale  it  in  my  private  room.  I 
refused  to  give  him  any  pf  the  liquid  unless  it  was  first  tried 
on  rabbits.  Two  rabbits  were  accordingly  made  to  inhale  it; 
they  quickly  passed  into  anesthesia  and  apparently  as  quickly 
recovered,  but  from  an  after-action  of  the  poison  they  both  died 
a  few  hours  afterward.  Now  was  this  not  a  justifiable  experi- 
ment on  animals?  Was  not  the  sacrifice  of  two  rabbits  worth 
saving  the  life  of  the  most  distinguished  physician  of  his 
time  ? 

As  this  experiment  was  not  for  the  good  of  the  two 
rabbits,  but  in  fact,  killed  them,  in  the  eye  of  present- 
day  antivivisectionists  it  would  be  wrong,  and,  if  they 
had  their  way,  illegal  and  punishable,  and  Simpson 
would  have  lost  his  life.    Would  not  this  be  cruelty? 

Let  me  state  briefly  two  of  the  most  recent  discoveries 
in  medicine  and  surgery : 

1.  Vaccination  against  typhoid  fever.  Starting  from 
Pasteur^s  researches  on  animal  diseases  and  continued 
by  various  observers  and  especially  in  the  last  few  years 
by  Sir  Almroth  Wright,  of  London,  there  has  been 
developed  chiefly  by  experiments  on  animals  a  "vaccine'' 
to  prevent  typhoid  fever.  When  by  such  experiments 
the  method  waB  found  to  be  sufficiently  safe,  it  was 
tried  on  man. 

In  the  Boer  War,  and  among  the  German  troops  in 
their  African  colonies,  tentative  trials  of  its  value  were 
made.  Now  it  has  been  tried  in  the  United  States 
Army  on  a  larger  scale  and  with  more  astonishingly 
good  results  than  in  any  previous  trials. 

During  the  Spanish  War  there  were  20,738  cases  of 
typhoid  and  1,580  deaths;  nearly  one-fifth  of  the  entire 
army  had  the  disease.  It  caused  over  86  per  cent,  of  the 
entire  mortality  of  that  war!  In  some  regiments  as 
many  as  400  men  out  of  1,300  fell  ill  with  it. '  How  this 
would  handicap  an  army  in  the  field  —  to  say  nothing 
of  deaths  —  is  evident. 

Lately  in  our  army  on  the  Mexican  border,  for  months 
under  war  conditions,  except  as  to  actual  hostilities, 
there  has  not  been  a  single  soldier  ill  mith  typhoid. 
This  is  due  partly  to  better  sanitation  (which  in  turn  is 
due  largely  to  bacteriology)  but  chiefly  by  reason  of 
wholesale  antityphoid  vaccination.  This  is  evident  from 
the  fact  that  during  the  year  June  30,  1908,  to  1909, 
when  this  vaccination  was  purely  voluntary  and  the 
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army  was  not  in  the  field,  proportioiiately  sixteen  times 
as  many  im vaccinated  soldiers  fell  ill  with  the  disease 
as  compared  with  the  vaccinated.  On  the  Mexican  border 
there  has  been  only  one  single  case  of  typhoid,  not  in  a 
soldiet,  but  a  teamster  who  had  not  been  vaccinated.  So 
evident  are  the  benefits  of  this  preventive  inoculation 
that  Dr.  Neflf,  the  director  of  health  of  Philadelphia,  has 
issued  a  circular  proposing  its  municipal  use,  and  also 
to  prevent  typhoid  in  our  summer  resorts.  In  many 
large  hospitals  it  is  extensively  used  to  protect  the 
physicians  and  nurses  from  catching  the  fever. 

Would  it  not  have  been  cruel  to  prevent  such  life- 
saving  experiments? 

2.  In  surgery  let  me  instance  the  surgery  of  the  chest. 
This  has  been  the  "region  in  which  progress  has  lagged 
far  behind  that  of  all  the  other  parts  of  the  body  till 
within  the  last  five  or  six  years.  The  reason  was  that 
the  moment  you  opened  the  chest  cavity  to  get  at  the 
heart,  the  lungs,  the  esophagus,  the  aorta  or  the  pleura, 
it  was  like  making  an  opening  in  the  side  of  a  bellows. 
The  air,  instead  of  being  drawn  in  and  forced  out 
through  the  nozzle  (corresponding  to  the  mouth  in  the 
case  of  a  patient),  passed  in  and  out  through  the  opening 
in  the  side  of  the  bellows  or  the  chest.  If  only  one  side 
was  opened,  breathing  was  embarrassed,  if  both  sides 
were  opened  the  patient's  lungs  collapsed,  breathing  was 
impossible  and  death  ensued. 

Sauerbruch,  then  of  Breslau,  first  devised  a  large  air- 
tight box  or  chamber  in  which  the  pressure  of  the  air 
could  be  increased  or  diminished  at  will.  The  body  of 
the  patient,  the  surgeons,  nurses  and  instruments  were 
all  inside  the  box,  and  a  telephone  enabled  them  to  give 
directions  to  those  outside,  especially  to  the  etherizer. 
The  head  of  the  patient  with  an  air-tight  collar  around 
his  neck  protruded  outside  of  the  chamber  where  the 
etherizer  also  was  placed.  In  such  a  chamber  the  chest 
could  be  safely  opened.  But  while  this  was  an  immense 
improvement,  such  a  chamber  is  clumsy,  not  easily 
transportable,  and  is  very  expensive.  The  method  has 
done  good  service,  however.  It  has  been  improved  by 
others  and  is  in  use  to-day  by  many  surgeons. 

At  the  Rockefeller  Institute,  Meltzer  and  Auer,  by  a 
number  of  experiments  on  animals,  have  lately  developed 
a  new,  simple  and  safe  method  of  anesthesia  with  ether 
which  is  revolutionizing  the  surgery  of  the  chest  and  to 
a  considerable  extent  may  even  displace  the  ordinary 
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inhalation  method  of  anesthesia.  As  soon  as  the  patient 
has  been  etherized  in  the  ordinary  way,  a  rubber  tube  is 
inserted  into  the  windpipe  through  the  mouth.  By  a 
foot  bellows  ether-laden  air  is  pumped  into  the  lungs 
through  this  tube,  the  foul  breath  escaping  between  the 
tube  and  the  windpipe  and  out  through  the  mouth. 
Experiments  on  animals  showed  that  the  rubber  tube 
used  for  so  long  a  time  would  not  injure  the-  vocal  chords 
and  so  alter  or  destroy  the  voice  of  a  patient,  or  cause 
injury  to  the  lungs,  and  that  the  method  was  most 
eflScacious  in  the  surgery  of  the  chest. 

I  saw  Carrel  thus  keep  a  dog  under  ether  for  about  an 
hour  and  a  half;  open  both  sides  of  the  chest  by  one 
wide  sweep  of  the  knife,  displace  the  heart  and  luAgs 
this  way. or  that;  expose  and  divide  the  aorta  between 
two  clamps  (to  prevent  immediate  fatal  hemorrhage) ; 
do  a  tedious  and  difficult  operation  on  the  aorta;  unite 
its  two  cut  ends ;  replace  the  heart  and  lungs,  and  close 
the  wound.  An  hour  later  the  dog,  which  showed  no 
evidences  of  suffering,  was  breathing  naturally,  and  in 
time  recovered  entirely.*  What  this  method  means  in 
injuries  and  diseases  of  the  heart,  in  gangrene,  abscess 
and  tumors  of  the  lungs,  in  cancer  of  the  esophagus,  and 
foreign  bodies  lodged  in  the  esophagus  or  in  the  bronchial 
tubes,  and  in  diseases  of  the  aorta,  one  can  hardlv  vet 
even  imagine. 

These  experiments  have  done  more  for  the  surgery  of 
the  chest  in  three  or  four  years  than  all  the  "clinical 
observation"  of  cases  in  a  thousand  years.  The  method 
has  already  been  tried  successfully  in  several  hundreds 
of  cases  in  man,  and  the  future  has  in  store  for  us  a 
new  and  most  beneficent  chapter  in  the  surgery  of  the 
chest. 

Yet  if  the  antivivisectionists  had  prevailed  all  these 
experiments  would  have  been  prevented,  the  doors  of 
the  Eockefeller  Institute  nailed  up,  and  men,  women 
and  children  have  been  deprived  of  the  benefits  of  these 
splendid  discoveries.    Call  you  not  that  intensely  cruel? 

Moreover,  these  very  same  people  in  their  own  house- 
holds and  without  the  slightest  pity  will  kill  rats  and 
mice  by  turning  them  over  to  the  tender  mercies  of  cats, 
by  drowning  them,  by  strangling  them  in  traps,  by 
poisoning  them  with  strychnin  or  phosphorus,  or  by 

*  For  these  and  other  experimental  researches  Carrel  has  just 
been  awarded  the  Nobel  Prize  in  medicine — a  splendid  testimony  to 
his  genins — from  the  first  scientists  of  the  world. 
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any  other  means  of  "torture";  but  they  hold  up  their 
liands  in  holy  horror  when  any  proposal  is  made  to 
terminate  the  lives  of  other  tats  and  mice  almost  always 
without  pain  and  with  immense  benefit  to  humanity. 
They  are  cruel  and  callous  to  human  suffering  so  long 
as  dogs  and  cats,  mice  and  guinea-pigs  escape !  And  yet, 
as  I  have  shown,  only  twenty-six  animals  in  a  thousand 
can  possibly  ever  suffer  at  all! 

That  sentiment  rather  than  principle  is  at  the  bottom 
of  the  antivivisection  crusade  is  shown  by  what  I  in 
common  with  many  others  believe  to  be  true,  that  if 
experimental  research  could  be  carried  on  in  other 
animals  without  using  dogs  and  cats  there  would  scarcely 
have  been  any  antivivisection  movement. 

III.     DIMINISHING   OF   REVERENCE   FOR  ACCURACY 

The  third  way  in  which  the  influence  of  antivivisection 
injures  character  is  by  diminishing  the  reverence  for 
accuracy.  In  1901 1  gave  many  instances^®  of  the  misstate- 
ments of  the  antivivisectionists.  These  misstatements 
were  contained  in  two  anonymous  pamphlets,  and  I  have 
two  more  similar  publications  which  are  also  anonymous. 
1  have  before  me  also  three  publications  purporting  to  be 
replies  to  that  ptiblication  of  mine,  all  again  anonymous. 
Is  a  foe  who  attacks  from  ambush  worthy  of  the  respect 
and  confidence  of  the  public  ? 

These  misstatements,  so  far  as  I  know,  are  still  dis- 
tributed in  leaflets  and  pamphlets  without  correction 
nearly  eleven  years  after  their  incorrectness  was  shown. 
In  fact,  several  of  them  reappear  uncorrected  in  the 
Journal  of  Zoophily  for  Julv,  1911. 

Let  me  give  a  few  new  instances. 

The  most  prominent  antivivisectionist  in  England  is 
Mr.  Stephen  Coleridge.  On  page  183  (April  to  July, 
1907)  in  the  minutes  of  his  evidence  before  the  Eoyal 
Commission  on  Vivisection,  I  find  the  following: 

Question  10952:  We  may  have  inspection,  but  still  we  may 
ask  a  person  of  character  when  he  saw  the  experiment  what 
his  opinion  of  it  was.     Will  you  not  accept  that? 

Answer:  Certainly  not,  because  I  think  that  all  these  experi- 
menters have  the  greatest  contempt  for  the  act  of  Parliament. 
They  would  deny  a  breach  of  this  act  just  as  I  should  deny 
a   breach   of   the   motor   car   act.     I   drive   a   motor   car   and 

16.  Keen,  W.  W. :  Misstatements  on  Antivivisection,  Jour.  Am. 
Med.  Assn.,   Feb.  23,   1901,  p.  500. 
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when  I  go  beyond  the  speed  limit  and  the  policeman  asks  me 
I  say,  ^No,  I  am  not  going  beyond  the  speed  limit"  [italics  mine]. 
Nothing  would  keep  me  from  going  beyond  the  speed  limit 
except  the  presence  of  a  policeman  in  the  car;  and  nothing 
will  keep  the  experimenter  within  the  four  comers  of  the  act 
except  an  inspector  in  the  laboratory. 

Question  10953:  Surely,  if  you  were  asked  about  the  speed 
limit  and  gave  your  word  that  you  had  not  exceeded  it,  you 
would  not  expect  to  be  disbelieved? 

Answer:  No,  I  did  not  say  so.  I  said  last  year  that  of 
course  I  did,  and  I  exceed  it  every  time. 

Question  10954:  You  are  apparently  not  very  ethical  about 
motor  cars  [italics  mine].  If  you  apply  your  principles  as 
regards  motoring  to  the  physiologists,  you  have  very  little 
to  say  against  them? 

Answer:  What  I  have  to  say  is  that  they  regard  the  vivisec- 
tion act  of  1876  with  the  same  contempt  that  I  regard  the 
motor  car  act  as  regards  the  speed  limit. 

In  quoting  also  a  letter  from  the  Home  Office  Mr. 
Coleridge  admits  mutilating  it,  for  in  reply  to  Question 
11015/he  says,  "I  seem  to  have  left  out  the  important 
item  of  it.''  See  also  Questions  10301,  11011,  11024 
and  19967  to*  19973. 

Comment  on  Wr,  Coleridge's  testimony  is  superfluous. 

Again  in  the  "Black  Art  of  Vivisection,"  Mr.  Cole- 
ridge states,  "The  Pasteur  institutes  in  Paris  and  else- 
where have  entirely  failed  to  prevent  people  dying  of 
hydrophobia."  Yet  the  fact  is  that  formerly  from  12 
to  14  per  cent,  of  persons  bitten  developed  the  disease 
and  every  one  of  them  died,  whereas  the  result  of  the 
Pasteur  treatment  in  55,000  cases  has  diminished  the 
mortality  to  0.77  per  cent,  of  those  bitten. 

I  cite  another  English  instance.  In  "The  Nine  Cir- 
cles,"*® is  published  a  reply  to  a  letter  by  Sir  Victor 
(then  Mr.)  Horsley,  published  in  the  London  Times, 
Oct.  25,  1892,  a  copy  of  which  T  have  before  me.  The 
book,  as  the  London  Times  points  out  in  an  editorial, 
was 

17.  In  a  letter  referring  to  this  address  (Boston  Mod.  and  Surg. 
Jour.,  July  11,  1912,  p.  71),  Mr.  Coleridge  sajs  that  I  seem  **qnitc 
shocked  'that  he  should  admit  that  he  constantly  breaks  the  law 
and  exceeds  the  speed  limit  of  20  miles  an  hoar  in  his  motor  car," 
and  that  '*a  qoarter  of  a  million  motorists**  do  the  same.  If  the 
reader  will  di&An  peruse  Mr.  Coleridge's  testimony,  as  quoted  in  the 
text,  he  will  find  that  there  are  two  admissions :  (1 )  that  he  con- 
stantly breaks  the  law,  i.  e.,  the  "statute  law**  of  England  as  to 
the  speed  limit ;  and  (2)  that  when  he  goes  beyond  the  speed  limit, 
and  tne  policeman  asks  nim  he  says,  **yo,  I  am  not  going  beyond  the 
speed  limit."  The  last  statement  is  what  gives  special  point  to  the 
quotation  from  his  eyidence,  but  in  his  letter  he  omits  any  reference 
to  this  more  important  admission. 

18.  Second  EdltloD,  pp.  23-28. 
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Compiled  under  his  [Dr.  Berdoe's]  direction.  He  was 
entrusted  with  the  task  of  reading  the  proofs  and  was  sup- 
posed to  safeguard  the  accuracy  of  "the  compiler."  He  now 
admits  that  he  overlooked  in  Miss  Cobbe's  preface  a  passage 
in  which  she  "was  careful  to  say,*  ...  so  far  as  it  has 
been  possible,  the  use  or  absence  of  anesthetics  has  been  noticed 
in  regard  to  all  the  experiments  cited  in  this  book."  Mr.  Horsley 
in  the  appendix  to  his  letter,  which  we  publish  this  morning, 
shows  by  reference  to  some  twenty  cases  cited  in  "The  Nine 
Circles*'  how  entirely  inconsistent  with  the  truth  this  guaran- 
tee is,  and  Dr.  Berdoe's  reluctant  acknowledgment  completes 
the  proof. 

A  still  more  remarkable  letter  appears  in  the  same 
number  of  the  Times  from  Prof.  C.  S.  Sherrington  of 
Liverpool.    He  says : 

I  find  in  the  book,  "The  Nine,  Circles,"  three  instances  in 
which  I  am  by  name  and  deed  held  up  to  public  abhorrence. 
From  each  of  the  three  statements  made  about  me  the  employ- 
ment of  anesthesia  in  my  experiments  is  studiously  omitted, 
although  expressly  mentioned  in  each  of  the  published  papers 
on  which  t)iese  statements  are  professed  to  rest.  In  two  out 
of  three  statements  I  am  accredited  with  inflicting  on  living 
animals,  and  without  the  employment  of  anesthetics,  a  dissec- 
tion and  procedure  that  I  pursued  only  on  animals  which  were 
dead. 

Accordingly  the  society  withdrew  the  book  from  the 
market,  but  later  published  a  revised  second  edition. 

In  his  reply  to  Professor  Horsley's  letter  calling  atten- 
tion to  the  misstatements  in  the  first  edition,  the  excuses 
that  Dr.  Berdoe  gives  in  this  second  edition  are  very 
extraordinary.  Among  them,  for  example,  one  is  "the 
sentence  about  testing  the  sight  after  recovery  from  the 
anesthetic  was  overlooked. 

Another  excuse  is  "this  was  taken  at  second  hand 
from  another  report  where  the  question  of  pain  was 
not  under  discussion .^^  In  a  third  he  says,  "We  have 
not  always  access  to  ^original  papers'  and  can  only  rely 
on  such  reports  and  extracts  as  are  given  in  the  medical 
and  other  journals.'' 

I  ask  whether  it  is  fair,  square  dealing  to  base  grave 
charges  of  cruelty  on  sentences  "overlooked"  and  on 
"second-hand"  misinformation  ? 

But  Miss  Cobbe  was  by  no  means  satisfied  with  mis- 
representing English  medical  men.  In  the  pamphlet 
Vivisection  in  America,"  I  find  on  page  9  a  letter  by  a 
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Boston  lawyer  in  which  he  says  of  American  experiments, 
"In  other  words,  animals  are  dissected  alive  usually 
without  the  use  of  anesthetics,  for  the  supposed  (but 
illusory)  gain  to  science/'  (Italics  mine.)  I  have 
already  given  a  table  showing  that  only  twenty-six  ani- 
mals out  of  a  thousand  could  by  any  possibility  have 
suffered  any  pain,  and  that  even  these  were  anesthetized. 
Is  it  correct,  then,  to  say  that  animals  are  "dissected 
alive  usually  without  anesthetics"? 

Near  the  top  of  page  45  Miss  Cobbe's  pamphlet  reads 
as  follows: 

Dr.  Ott,  in  the  Journal  of  Physiology,  Vol.  II,  p.  42,  describes 
a  number  of  experiments  on  a  number  of  cats  not  etherized 
[italics  my  own],  for  the  purpose  of  making  observations  on 
the  physiology  of  the  spinal  cord. 

I  find  that  on  reading  the  original  paper  there  were 
four  series  of  experiments: 

In  the  first  series,  there  were  twenty  experiments.  In 
the  first  experiment  the  animal  was  killed  before  the 
experiment  began.  In  eleven  other  instances  it  is 
expressly  stated  in  each  experiment  that  the  animals 
were  etherized.  Dr.  Ott  informs  me  that  the  other 
eight  were  so  etherized  and  that  he  invariably  etherizes 
the  animals. 
.  In  the  second  series  there  were  eight  experiments. 
On  page  52  of  the  Journal  of  Physiology  it  is  stated 
that  the  animals  were  etherized. 

The  third  series  consisted  of  ten  experiments,  and  on 
page  54  it  is  expressly  stated  that  the  animals  were 
etherized. 

The  fourth  series  consisted  of  tetn  experiments  and 
again  on  page  60  it  is  stated  that  the  animals  were 
etherized.  We  see,  therefore,  that  Miss  Cobbe's  state- 
ment ."not  etherized"  is  untrue,  for  of  forty-eight  ani- 
mals, one  was  killed ;  in  thirty-nine  it  is  expressly  stated 
that  they  were  etherized ;  leaving  only  eight  out  of  forty 
as  to  the  etherization  of  which  nothing  is  said,  though  it 
was  done. 

On  pages  45  to  48  I  find  a  series  of  experiments  on, 
the  surgery  of  the  pancreas  by  the  late  Dr.  Senn  of 
Chicago.  This  was  in  July,  1886,  at  a  time  when  the 
surgery  of  the  pancreas  was  just  beginning.  Two  pages 
and  a  half  of  Miss  Cobbe's  pamphlet  are  devoted  to 
describing  in  detail  experiments  which,  as  no  mention  is 
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made  in  her  pamphlet  of  ether,  one  would  certainly 
suppose  were  done  without  ether  and  would  certainly  be 
very  painful.  On  looking  at  page  142  of  the  original 
paper  I  find  that  it  is  expressly  stated  that  the  animals 
were  etherized. 

Jn  a  series  of  experiments  by  Halsted,  under  experi- 
ment No.  6,  p.  51,  Miss  Cobbers  pamphlet  says,  "Died 
under  the  operation,  which  was  carried  on  for  two  hours 
on  a  young,  small  brindle  dog,^^  which  would  imply  two 
hours  of  "agony.''  The  original  expressly  states  the 
fact  that  this  dog  died  from  the  effects  of  the  ether. 

So  much  for  Miss  Cobbe's  idea  of  reproducing  accu- 
rate accounts  of  the  experiments  to  which  she  refers. 

An  amusing  instance  of  misrepresentation  is  seen  in 
an  antivivisection  comment  made  on  one  of  Carrel's 
experiments  on  a  cat.  "How  intense  the  suffering  must 
have  been  to  cause  a  cat  (an  animal  usually  so  quiet 
and  reposeful)  to  spend  the  day  jumping  on  and  off  the 
furniture!"  As  a  matter  of  fact,  the  kitten  was  only 
"playing  with  a  ball  of  paper." 

Another  illustration  of  the  way  in  which  sentences  are 
detached  from  their  context  and  made  to  mean  quite 
different  things  and  repeatedly  published  years  after 
the  falsity  of  the  statement  has  been  demonstrated  is 
shown  by  the  constant  inclusion  of  Sir  Frederick  Treves 
among  the  opponents  of  vivisection.  He  stated  of  one 
single  investigation  that  operations  on  the  intestines 
of  dogs  in  his  opinion  —  other  surgeons  do  not  hold 
the  same  opinion  —  were  useless  as  a  means  of  fitting 
the  surgeon  for  operations  on  the  human  bowel.  Ever 
since  this  utterance^ ^  Sir  Frederick  Treves  has  been  con- 
stantly quoted  in  the  manner  mentioned,  yet  in  a  letter 
to  the  London  Times  of  April  18,  1902,  he  says : 

The  fallacy  of  vivisection  can  hardly  be  said  to  be  estab- 
lished by  the  failure  of  a  series  of  operations  dealing  with  one 
small  branch  of  practical  surgery.  No  one  is  more  keenly  aware 
than  I  am  of  the  great  benefits  conferred  on  suffering  humanity 
by  certain  researches  carried  out  by  means  of  vivisection. 

This  was  noticed  editorially  in  the  British  Medical 
Journal  of  April  26,  1902.  So  late  as  1909,  in  the  May 
number  of  the  Journal  of  Zoophily,  the.  editor-in-chief , 
Mrs.  Caroline  Earle  White,  reprints  from  the  North 
American  of  April  12,  1909,  her  signed  letter,  and 
implies  that  Sir  Frederick  Treves  is  an  opponent  of 

19.  Treves,  Sir  Frederick :  lancet,  London,  .Nov.  6,  1908. 
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vivisection,  seven  years  after  this  correction  had 
appeared.  In  the  number  of  the  same  journal  for  July, 
1909,  the  associate  editor  of  the  journal  prints  a  letter 
of  denial  from  Sir  Frederick  Treves,  and  yet  so  late  as 
the  number  for  March,  1911,  p.  177,  the  same  old  quota- 
tion from  Sir  Frederick  Treves  is  published  in  the  same 
journal  which  twenty-two  months  before  had  printed  his 
own  letter  of  denial.^^'  ^^ 

At  the  annual  meeting  of  the  Besearch  Defense  Society 
Sir  Frederick  Treves,  in  referring  to  the  great  progress 
made  in  the  science  of  medicine,  said:  "This  progress 
has  in  the  main  been  accomplished  by  experiments  on 
animals."  Ought  not  his  name  hereafter  to  be  omitted 
from  the  list  of  the  opponents  of  vivisection  ? 

A-  postal  card  issued  by  the  American  Antivivisection 
Society  in  Philadelphia  (there  are  several  others  of  the 
same  sort)  presents  a  picture  of  a  large  dog  with  his 
mouth  gagged  wide  open  and  his  paws  tied  "without 
anesthetic*"  The  object  of  the  gag,  of  course,  is  to  pre- 
vent the  animal  from  biting  before  and  while  it  is  being 
etherized.  It  is  absurd  to  state  that  this  produces  any 
pain,  but  a  guide  at  the  traveling  antivivisection  exhi- 
bition explained  to  two  of  my  friends  that  it  was  used  to 
break  the  jaws  of  the  dogs!  and  that  this  was  done 
"without  anesthetics."  But  in  nearly  all  our  surgical 
operations  within  the  mouth,  on  the  tonsils,  cleft  palate, 
the  tongue,  etc.,  we  employ  gags  of  various  kinds  to 
keep  the  mouth  wide  open.  To  show  how  little  annoy- 
ance this  causes,  here  is  a  picture  (Fig.  2)  of  a  little 
girl,  4  years  old,  my  own  granddaughter,  with  a  mouth- 
gag  which  I  haviB  used  many  times  over  with  children 
and  adults  in  operations  about  the  mouth.  This  particu- 
lar photograph,  it  will  be  observed,  was  taken  also  "with- 
•  out  an  anesthetic."  It  was  not  necessary  to  tie  her 
hands  and  feet  as  is  .done  with  dogs,  for  the  child 
regarded  the  whole  proceeding  of  photographing  her  with 
her  mouth  wide  open  as  a  "lark,"  and  sat  as  still  as  a 
mouse.  Is  it  necessary  to  add  that  her  jaw  was  not 
broken  ? 

Miss  Britton,  in  her  $300  antivivisection  prize  essay^- 

vividly  describes  an  operation  (removal  of  the  breasts 

»■ 

20.  Jaist  as  I  tad  corrected  the  proof  of  this  paper,  April  29,  1912, 
I  received  througrh  the  mail  from  Mrs.  Caroline  Earle  White  a  reprint 
of  her  letter  of  April  12,  1909,  with  the  same  misleading  quota- 
tion, thirty-three  months  after  Sir  Frederick  Treves'  letter  of  denial 
had  been  printed  in  her  own  Journal. 

21.  Treves,  Sir  Frederick ;  Brit.  Med.  Jour.,  July  8,  1911,  p.  82. 

22.  Our  Dumb  Animals,  January,  1910. 
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of  0  nui-siug  mother  dog)  wliicli  was  never  done  at  all. 
This  fictitious-  opeiation  is  described  in  "The  Nine 
Circles;"'^  again  it  appears  in  Dr.  Albert  LeiEngwell's 
essay,  "Is  Science  Advanced  bv  Deceit,"  published  in 
ISOO.  In  1901  Professor  Bowditeh  called  Dr.  Leffing- 
well's  attention  to  tlic  fact  that  no  such  operation  was. 


l''ie-  2. — Jl  on  til -gag 


opera  tloDs  i 


ever  done.  In  Dr.  Tjcffingweli's  collected  essays  entitled 
"The  Vivisection  Question,''  on  page  1(19  of  the  second 
revised  edition  (1907),  there  is,  in  a  footnote,  a  correc- 
tion admitting  that  no  such  operation  was  ever  done, 
but  on  page  (57  of  the  same  edition,  a  description  of 
this  Siiiiic  operation  Ftil!  appears  uncorrected,  six  years 
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after  Bowditch's  letter  had  been  received  and  the  mis- 
statement acknowledged. 

•  In  the  Antivivisection  Exhibit  which  was  shown  in 
Xew  York,  in  the  Avinter  of  1909-1910,  Professor  Lee 
states  that  there  was  "an  oven  heated  by  gas  burners 
which  contains  the  stuffed  body  of  a  rabbit  and  which 
the  attendant  tells  you  is  used  for  the  purpose  of  baking 
live  animals  to  death,  and  this  also  is  performed  without 
anesthetics/^  Then  to  add  still  further  pathos,  the  note 
at  the  end  of  the  label  on  the  oven  said  "gagging, 
muffling  or  severing  of  vocal  organs  prevents  tortured 
animals  giving  voice  aloud  piteously  to  such  terrible 
suffering."  As  a  matter  of  fact,  "the  oven  is  an  appa- 
ratus intended  for  the  incineration  of  the  .  .  .  refuse 
of  a  lahoratortj r  I  might  add  that  it  is  a  constant 
practice  in  medicine  and  surgery  now  to  use  various 
forms  of  apparatus  for  the  purpose  of  "baking"  an  arm, 
leg  or  other  part  of  the  body,  and  lately  a  patient  of 
mine  has  had  her  arm  "baked"  almost  daily  for  weeks 
at  a  temperature  up  to  300°  F.  with  great  benefit. 

In  the  exhibit  of  the  American  Antivivisection  Societv 
in  Philadelphia  in  Xovember,  1911,  a  portrait  of  a  dog 
was  shown  with  a  large  placard  stating  correctly  that  the 
dog  had  been  stolen  from  its  owner  and  sold  to  the 
University  of  Pennsylvania  for  experiment.  It  omitted 
to  state  the  fui-ther  fact,  which  is  perfectly  well  known, 
that  the  dog  was  kept  for  identification  under  Kule  1 
(page  12),  was  claimed,  identified  and  turned  over  to 
its  owner  and  not  used  for  experiment.  Such  a  placard 
stating  half  the  truth  but  not  the  whole  truth  inevitably 
leads  the  public  to  draw  a  false  conclusion. 

The  bodies  of  three  dogs  were  also  exhibited,  each 
labeled  "The  Vivisected  Product  of  a  Philadely)hia 
Laboratory."  All  show  gaping  wounds ;  one,  in  fact, 
has  the  entire. abdomen  and  pelvis  wide  open.  Such  a 
condition  is  utterly  incompatible  with  any  research. 
Surgeons  and  physiologists  when  experimenting  on 
animals  are  necessarily  as  scrupulously  careful  in  their 
antiseptic  technic  as  in  operations  on  human  beings. 
Wounds  are  accurately  closed  and  carefully  dressed. 
Any  experimenter  leaving  wounds  wide  open  and 
undressed  as  are  those  in  these  dogs  would  invite  failure 
in  every  case,  and  when  he  published  his  results  and  had 
to  confess  to  a  high  and  needless  mortality,  he  would 
discredit  himself . 
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One  of  these  dogs  shows  an  absurd  operation  in  the 
neck.  The  great  blood-vessels  from  the  right  and  left 
sides  of  the  neck  have  been  drawn  together  in  front  of 
the  windpipe  and  then  tied  —  a  procedure  that  is 
unimaginable  to  any  surgeon.  Moreover,  froni  the  wide- 
open  abdomen  and  pelvis  the  following  organs  have  been 
removed :  the  stomach,  all  the  large  and  small  intestine, 
except  a  portion  a  few  inches  long,  the  spleen,  the 
pancreas,  both  the  kidneys  and  the  bladder.  The  liver, 
however,  is  left.  Cannot  even  any  non-medical  person 
of  ordinary  intelligence  see  that  if  all  these  organs  were 
really  removed  and,  in  addition,  the  great  blood-vessels 
of  the  neck  on  both  sides  were  really  tied,  thus  cutting 
off  almost  all  of  the  blood-supply  to  the  brain,  and  then 
the  neck  and  the  abdomen  were  left  wide  open,  the  death 
of  the  animal  on  the  table  would  be  inevitable? 

About  a  dozen  medical  men,  all  teachers  in  medical 
schools,  after  careful  inspection  of  these  dogs^  unite  in 
believing  that  all  or  nearly  all  of  these  mutilations  must 
have  been  done  post  mortem  and  not  during  life.  More- 
over, there  is  no  evidence  that  these  animals  were  really 
"vivisected,^^  that  is,  operated  on  during  life. 

Still  further,  granting  that  all  these  operations  were 
done  for  research  and  during  life,  if  the  animals  were 
etherized  no  pain  would  have  been  felt  and  no  cruelty 
perpetrated.  The  significant  omission  to  say  anything 
as  to  any  anesthetic,  like  the  omission  as  to  the  restora- 
tion to  its  owner  of  the  stolen  dog,  entirely  ntrisleads 
the  public. 

Dr.  Henry  P.  Bowditch^*  quotes  an  extraordinary 
statement  of  the  late  Henry  Bergh,  an  ardent  antivivi- 
sectionist.    Mr.  Bergh  says : 

Robert  MacDonald,  M.D.,  on  being  questioned,  declared  that 
he  had  opened  the  veins  of  a  dying  person,  remember,  and  had 
injected  the  blood  of -an  animal  into  them  many  times  and  had 
met  with  brilliant  success.  In  other  words,  this  potenate  has 
discovered  the  means  of  thwarting  the  decree  of  Providence 
when  a  person  was  dying,  and  snatching  away  from  its  Maker 
a  soul  which  He  had  called  away  from  earth. 

I  have  happily  been  able  to  rescue  quite  a  number  of 
dying  persons  who  but  for  my  timely  aid  would  have 
been  dead  persons.  Instead  of  supposing  that  I  had 
"thwarted  the  decrees  of  Providence  and  snatched  a 
soul  from  its  Maker/^  I  have  always  been  under  the 

24.  Bowditch,  Henry  P. :  Animal  Experimentation,  p.  72. 
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impression:  (1)  that  it  was  not  in  my  feeble  power  to 
thwart  the  decrees  of  the  Almighty,  arid  (2)  the  very 
fact  that  I  was  able  to  save  a  dying  person  from  death 
was  the  best  evidence  that  the  decree  of  Providence  was 
that  the  patient  at  that  time  should  live  and  not  die. 

But  it  seems  that  in  the  catechism  of  antivivisection 
it  is  an  impious  crime  to  save  the  life  of  a  dying  person, 
though  I  suppose  it  is  proper  to  save  the  life  of  a 
patient  who  is  only  "sick/^ 

In  the  Journal  of  ZoopMly  for  April,  1910,  p.  44, 
under  the  caption  "Still  More  Barbarity ,^^  is  an  editorial 
signed  "C.  E.  W.,"  the  initials  of  the  editor-in-chief. 
In  this  editorial  it  is  stated  as  to  certain  experiments 
of  Dr.  Wentworth  of  Boston  that  they  were  "upon 
between  forty  and  fifty  little  children  in  the  Children's 
Hospital  of  that  city,  every  one  of  whom  died  after  the 
performance  of  his  operation.''  The  "casual  reader" 
would  certainly  understand  that  every  one  of  these  forty 
to  fifty  children  died  as  a  result  of  the  operation. 

Let  us  see  what  the  real  facts  sltb.^^  In  1895,  in  a 
case  of  possible  tuberculous  meningitis,  Dr.  Wentworth 
did  lumbar  puncture  in  order  to  make  a  positive  diag- 
nosis. Lumbar  puncture  consists  in  introducing  a  rather 
long  hypodermic  needle  between  the  vertebrae  in  the 
small  of  the  back  (lumbar  region)  and  withdrawing 
some  of  the  fluid  from  around  the  spinal  cord.  This 
fluid  circulates  freely  to  and  fro  both  within  the  brain 
and  its  membranes  and  within  the  membranes  of  the 
spinal  cord.  The  needle  is  inserted  below  the  end  of 
the  spinal  cord,  rarely  with  general  anesthesia,  some- 
times with  local  anesthesia  of  the  skin,  but  generally 
without  even  this,  as  the  pain  is  slight  and  only 
momentary. 

In  1895  this  method  of  diagnosis  was  comparatively 
new.  Its  value  was  uncertain,  it^  dangers,  if  any,  were 
not  determined.  The  appearance  of  the  fluid  and  the 
nature  of  its  microscopic  contents  in  hunlan  beings  were 
imperfectly  known.  Dr.  Wentworth  in  this  case  used  the 
method  for  diagnosis.  Alarming  symptoms  appeared, 
but  passed  away.  The  child  was  proved  not  to  have 
meningitis  and  "left  the  hospital  sliortly  afterward  per- 
fectly well." 

In  order  to  determine  whether  this  case  was  excep- 
tional, and  the  dangers  only  accidental,  or  always  to  be 
feared  (which  if  true  might  compel  the  entire  abandon- 

«■■  ■■■■       a  I  !■  ■  ■  p    Ti,  -      »■  -  -  ■■  ■  ,., ■    ■    ■ 

25.  Boston  Med.  and  Surg.  Jour.,  Aug.  6  and  13,  1896. 


3G 

ment  of  lumbar  puncture),  he  repeated  the  operation 
most  cautiously  at  first  and  finally  with  surer  faith  in 
its  safety  and  value  in  twenty-nine  other  cases.  In  fifteen 
of  the  thirty  cases  the  puncture  was  expressly  done  in 
order  to  make  a  diagnosis  —  meningitis  or  other  diseases 
of  the  brain  and  spinal  cord  being  suspected.  In  the 
other  fifteen  cases,  while  there  probably  was  no  cerebral 
or  spinal  disease,  it  was  of  great  importance  to  know 
whether  examination  of  the  cerebrospinal  fluid  might 
throw  any  unexpected  side-light  on  these  diseases,  and 
if  not,  it  would  at  least  disclose  what  the  normal  con- 
dition, appearance  and  microscopic  contents  of  the 
fluid  were. 

Forty-five  punctures  in  all  were  made  on  the  thirty 
children.  In  three  cases  the  puncture  was  made  after 
death.  Of  the  twenty-seven  living  children,  fourteen 
died.  Not  one  of  the  fourteen  died  from  the  operation, 
but,  as  the  post-mortems  showed,  from  meningitis, 
tuberculosis,  pneumonia,  water  on  the  brain,  convulsions, 
etc.,  as  is  expressly  stated  in  each  case  in  the  paper. 

But  the  editorial  says  "between  forty  and  fifty  little 
children  .  :  .  every  one  of  whom  died  after  the 
performance  of  the  operation.  I  have  before  me  several 
antivivisection  pamphlets  published  in  New  York,  Phila- 
delphia and  Washington  in  which  Wentworth's  cases  are 
narrated  as  cases  of  "human  vivisection,"  and  it  is 
usually  stated  that  "many  of  them  died,"  but  the  reader 
would  still  suppose  that  it  was  as  a  result  of  the  opera- 
tion. In  two  of  these  pamphlets,  "brief  abstracts"  of 
five  cases  are  given,  usually  only  one  to  three  lines  long. 
The  post-mortem  reports  published  in  Wentworth^s 
paper  showed  that  these  five  patients  died  from  menin- 
gitis (two  cases),  infantile  wasting,  tuberculosis  and 
defective  development  of  the  brain  and  convulsions.  Yet 
the  "casual  reader"  w^uld  inevitably  suppose  that  they 
died  from  the  lumbar  puncture  as  no  other  cause  of 
death  is  stated  in  these  pamphlets. 

When  Dr.  Cannon  pointed  out  the  inaccuracy  of  the 
editorial  of  April,  1910,  in  the  Journal  of  Zodphily, 
that  same  journal  in  the  issue  for  July,  1911,  p.  219, 
in  a  paper  signed  "M.  F.  L."  (the  initials  of  its  associate 
editor)  not  only  did  not  acknowledge  the  error,  but 
practically  repeated  it  f)y  paying  that  Dr.  Cannon  is 
"severe  on  the  Journal  of  Zodphily  for  having  referred 
last  year  to  Dr.  Wentworth's  forty-five  experiments  on 
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children  and  for  having  mentioned  the  fact  that  the 
children  died  after  the  operation/'     (Italics  mine.) 

Is  it  fair  dealing  to  give  such  very  brief  abstracts  and 
omit  the  most  important  facts  as  is  done  here  ?  In  1901 
I  pointed  out^^  these  misstatements  and  what  the  truth 
was,  but  the  same  pamphlets  have  been  constantly  dis- 
tributed without  any  coriection.  In  November,  1910, 
nearly  ten  years  after  I  had  exposed  the  matter,  Dr. 
Cannon  states  that  one  of  these  pamphlets  was  sent  to 
a  friend  of  his  with  a  letter  from  the  president  of  the 
New  York  Antivivisection  Society,  saying,  "You  may 
rely  on  them  as  being  absolutely  accurate  and  authentic  V 
Still  worse:  In  April,  1910,  ''C.  E.  W.''  enlarges  the 
number  from  thirty  to  "between  forty  and  fifty"  and 
actually  says  that  "every  one'^  of  them  died,  and 
"M.  F.  Li."  practically  repeats  the  misstatement  by  saying 
that  "the  children  died  after  the  operation."^^ 

Suppose  thirty  friends  dined  together  at  the  Bellevue- 
Stratford,  then  took  a  train  and  as  a  result  of  a  collision 
fourteen  were  killed ;  would  a  reporter,  and  still  less  an 
editor,  be  justified  in  stating  in  print  "between  forty 
and  fifty  friends  dined  last  night  at  the  Bellevue-Strat- 
ford.  Every  one  of  them  died  shoitly  after  partaking  of 
the  dinner"  entirely  omitting  the  collision  as  the  real 
cause  of  death? 

•  Now  after  fifteen  years,  what  has  been  the  result  of 
these  investigations  by  Dr.  Wentworth  and  others? 
Lumbar  puncture  is  a  thoroughly  well-established  means 
of  diagnosis.  That  it  is  attended  with  practically  no 
danger  is  shown  by  the  fact  that  it  is  now  a  routine 
practice  in  certain  diseases,  even  much  more  important 
than  recording  the  pulse  and  the  temperature.  Holmes^^ 
states  that  he  has  done  the  operation  "over  four  hundred 
times  and  has  never  met  with  an  accident." 

It  is  not  only  always  done  in  some  diseases,  but  is 
repeated  two,  three  or  more  times  in  the  same  patient  in 
cases  of  cerebrospinal  meningitis.  As  I  showed  in  my 
paper  in  the  Ladies'  Home  Journal  (April,  1910)  the 

26.  In  Mrs.  White's  reply  to  this  address  (p.  144)  she  "pleads 
guilty"  to  the  charge  of  misstating,  as  to  these  children,  "that  they 
all  died,"  and  says  she  "unconsciously  exaggerated."  On  page 
143  she  states  that  she  is  "most  particular  to  avoid  not  only  false- 
hood, but  even  exaggeration."  It  is  hardly  correct  to  say  that  the 
statement  that  there  were  "between  forty  and  fifty  children"  and 
that  "they  all  died"  is  an  "exaggeration"  of  the  real  fact,  namely, 
that  there  were  only  twenty-seVen  living  children  operated  on,  and 
of  the  fourteen  who  died  not  one  of  them  died  from  the  operation, 
but  from  well-known  causes  revealed  by  the  post-mortem  examina- 
tions and  fuUv  stated,  in  each  case,  in  Dr.  Wentworth's  paper. 

27.  Holmes.'  Arch.  Pediat.,  October,  1908,  p.  738. 
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son  of  then  governor,  now  Mr.  Justice  Hughes,  of  the 
United  States  Supreme  Court,  a  student  at  Brown  Uni- 
versity ,^stricken  with  a  violent  attack  of  the  epidemic  form 
of  the  disease,  had  lumbar  puncture  done  three  times; 
the  first  time  in  order  to  make  a  diagnosis  and  also  for 
the  injection  of  Flexner^s  serum,  the  second  and  third 
times  for  two  other  injections  of  the  serum,  which 
snatched  him  from  otherwise  practically  certain  death. 

In  this  disease,  Royer^®  says :  "It  is  absolutely  neces- 
sary to  do  a  lumbar  puncture"  to  make  a  diagnosis,  and 
Dunn^®  says  emphatically,  "Without  lumbar  puncture  a 
diagnosis  of  cerebrospinal  meningitis  is  absolutely  with- 
out value  for  scientific,  statistical  or  therapeutic  pur- 
poses." As  there  are  half  a  dozen  different  forms  of 
meningitis,  and  the  remedy  for  the  deadly  epidemic 
form  is  of  no  use  in  the  other  forms,  lumbar  puncture, 
the  only  absolutely  positive  means  of  differentiating 
them,  cannot  be  dispensed  wi,th. 

Moreover,  its  use  has  been  broadened,  as  shown  in  the 
case  of  young  Mr.  Hughes.  No  longer  are  we  content 
to  use  it  merely  as  a  means  of  diagnosis,  but  it  is  the 
only  means  of  successful  treatment  of  that  terribly  fatal 
malady.  It  is  also  used  for  diagnosis  in  several  surgical 
diseases  and  injuries.  Moreover,  the  method  of  spinal 
anesthesia,  which  is  most  useful  in  cases  in  which  other 
methods  of  anesthesia  are  too  dangerous,  is  exclusively 
by  means  of  lumbar  puncture,  the  cocain  or  other  local 
anesthetic  being  injected  around  the  spinal  cord  by  the 
hypodermic  syringe.^*^ 

When  a  witness  is  called,  it  is  not  allowable  for  the 
party  calling  him  to  accept  a  part  of  his  testimony  and 
refuse  to  accept  the  rest,  yet  this  is  precisely  what  the 
opponents  of  research  do.  They  always  cite,  for  example, 
the  late  Professor  Bigelow,  printing  his  earlier  utter- 
ances based  on  the  suffering  he  saw  at  Alfort  in  the 
preanesthetic  days,  but  they  carefully  omit  the  following 
later  expression  of  opinion  :^^ 

28.  Koyer  :  Arch.  Pediat.I  October,  1908,  p.  729. 

29.  Dunn,  Charles  Hunter  :  Am.  Jour.  Dis.  Child.,  February,  1911, 
p.  95. 

30.  Those  who  wish  to  consult  by  far  the  best  statement  for  gen- 
eral use  of  the  steps  by  which  epidemic  meningitis  has  been  con- 
quered and  the  results  of  the  new  but  now  thoroughly  well-estab- 
lished serum  treatment  by  lumbar  puncture  can  obtain  a  cony  of 
Dunn's  paper  on  this  subject  (No.  21  of  this  series)  by  enclosing 
4  cents  (or  50  cents  for  twenty-five  copies)  to  the  Journal  of  the 
American   Medical    Association,   Chicago. 

31.  Bigelow,  Henry  ,T.  :  Anesthesia:  Addresses  and  Other  Papers, 
Boston,  1900,  p.  371. 
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The  dissection  of  an  animal  in  a  state  of  insensibility  is  no 
more  to  be  criticized  than  is  the  abrupt  killing  of  it,  to  which 
no  one  objects.  The  confounding  of  a  painful  vivisection  and 
an  experiment  which  does  not  cause  pain — either  because  the 
animal  is  under  ether,  or  because  the  experiment  itself  is  pain- 
less, like  those  pertaining  to  the  action  of  most  drugs,  or 
because  it  is  a  trivial  one  and  gives  little  suffering — has  done 
great  damage  to  the  cause  of  humanity,  and  has  placed  the 
opponent  of  vivisection  at  a  great  disadvantage.  ...  A 
painless  experiment  on  an  animal  is  unobjectionable. 

So,  too,  when  the  statements  of  Horsley,  Ott,  Crile 
and  others  that  the  animals  were  anesthetized  and  suf- 
fered  no  pain  are  shown  to  antivivisectionists,  they  reply, 
^*We  do  not  believe  it,  for  the  only  testimony  to  this 
insensibility  to  pain  is  that  of  the  vivisectors  themselves.^^ 
They  greedily  accept  as  true  all  their  other  statements 
as  to  the  operations  they  diji,  etc.,  down  to  the  minutest 
details,  but  they  refuse  to  accept  those  as  to  anesthesia. 
No  court  of  law  would  sanction  such  a  course. 

In  reviewing  the  preceding  misstatements  and  those 
quoted  in  my  former  paper' ^  I  have  been  compelled  to 
conclude  that  it  is  not  safe  to  accept  any  statement 
which  appears  in  antivivisection  literature  as  true>  or 
any  quotation  or  translation  as  correct,  until  I  have 
compared  them  with  the  originals  and  verified  their 
accuracy  for  myself.  Not  seldom  this  is  impossible,  as 
no  reference  to  the  *  volume,  month,  day  or  sometimes 
even  the  year  of  publication  is  given. 

Lest  the  reader  think  this  too  severe  a  statement  I 
will  refer  to  only  one  instance  in  the  anonymous 
pamphlet,  "Human  Vivisection,"  in  addition  to  others 
already  shown  to  be  grossly  inaccurate. 

On  page  9  in  the  account  of  Sanarelli^s  five  experi- 
ments in  the  endeavor  to  inoculate  yellow  fever,  the 
phrase  "the  final  collapse"  appears  as  an  alleged  transla- 
tion of  the  original  Italian.  The  word  "final"  does  not 
occur  in  the  original  Moreover,  the  collapse  was  not 
"final,"  for  every  one  of  the  five  patients  recovered,  yet 
the  pamphlet  says  that  "some  if  not  all  of  them  died." 
The  phrases  "scientific  murder"  and  "scientific  assassin- 
ation" are  also  freely  used.  Even  the  cover  and  the 
title-page  of  this  pamphlet  have  as  a  motto,  "Is  scientific 
murder  a  pardonable  crime  ?"  As  not  a  single  patient 
died,  were  they  really  "murdered"  or  "assassinated"? 
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CONCLUSIONS 

In  thirty  years  the  sixteen  [British]  antiviviseetion 
societies  have  received  more  than  £ipo;000  ($500,000) 
according  to  Mr.  Stephen  Coleridge^s  testimony  before 
the  Eoyal  Commission  on  Vivisection  (Questions  10256 
to  10260).  The  American  societies  have  had  many 
bequests  given  to  them,  and  in  the  aggregate  must  have 
also  spent  a  large  sum  of  money. 

On  the  other  side,  the  friends  of  research  and  progress 
have  had  little  money,  have  had  to  stop  research  and 
waste  a  deal  of  precious  time  in  defending  their  benefi- 
cent researches  from  the  attacks  of  the  antivivisection- 
ists;  the  rest  of  the  time  they  have  quietly  gone  about 
their  business,  adding  to  the  sum  of  our  knowledge  and 
forging  new  and  more  efficient  weapons  against  disease 
and  death. 

What,  then,  is  the  net  result?  What  have  the  friends 
of  research  accomplished,  and  what  achievements  can 
the  foes  of  research  show?  Let  me  put  it  in  a  con- 
trasted tabular  form  and  confine  it  to  what  has  occurred 
during  my  own  professional  life. 

THE  ACHIEVEMENTS   OF  THE  FRIENDS   OF  RESEARCH 

1.  They  have  discovered  and  developed  the  antiseptic 
method  and  so  have  made  possible  all  the  wonderful 
results  of  modern  surgery. 

2.  They  have  made  possible  practically  all  modern 
abdominal  surgery,  including  operations  on  the  stomach, 
intestines,  appendix,  liver,  gall-stones,  pancreas,  spleen, 
kidneys,  etc. 

3.  They  have  made  possible  all  the  modern  surgery 
of  the  brain. 

4.  They  have  recently  made  possible  a  new  surgery 
of  the  chest,  including  the  surgery  of  the  heart,  lungs, 
aorta,  esophagus,  etc. 

5.  They  have  almost  entirely  abolished  lockjaw  after 
operations  and  even  after  accidents. 

G.  They  have  reduced  the  death-rate  after  compound  . 
fractures  from  two  out  of  three,  i.  e.,  sixty-six  in  a 
hundred,  to  less  than  one  in  a  hundred. 

7.  They  have  reduced  the  death-rate  of  ovariotomy 
from  two  out  of  three,  or  sixty-six  in  a  hundred,  to  two 
or  three  out  of  a  hundred. 

8.  They  have  made  the  death-rate  after  operations 
like  hernia,  amputation  of  the  breast  and  of  most  tumors 
a  negligible  factor. 
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9.  They  have  abolished  yellow  fever  —  a  wonderful 
triumph.^2 

10.  They  have  enormously  diminished  the  ravages  of 
the  deadly  malaria,  and  its  abolition  is  only  a  matter 
of  time. 

11.  They  have  reduced  the  death-rate  of  hydrophobia- 
from  12  or  14  per  cent,  of  persons  bitten  to  0.77  per  cent. 

12.  They  have  devised  a  method  of  direct  transfusion 
of  blood  which  ias  already  saved  very  many  lives. 

13.  They  have  cut  down  the  death-rate  in  diphtheria 
all  over  the  civilized  world.  In  nineteen  European  and 
American  cities  it  has  fallen  from  79.9  deaths  per 
hundred  thousand  of  population  in  1894,  when  the  anti- 
toxin treatment  was  begun,  to  nineteen  deaths  per  hun- 
dred thousand  in  1905 — less  than  one-quarter  of  its 
death-rate  before  the  introduction  of  the  antitoxin. 

14.  They  have  reduced  the  mortality  of  cerebrospinal 
meningitis  from  75  or  even  90  odd  per  cent,  to  20  per 
cent,  and  less. 

15.  They  have  made  operating  for  goiter  almost  per- 
fectly safe. 

16.  They  have  assisted  in  cutting  down  the  death- 
rate  of  tuberculosis  by  from  30  to  50  per  cent,  for  Koch^s 
discovery  of  the  tubercle  bacillus  is  the  cornerstone  of 
all  our  modern  sanitary  achievements. 

17.  In  the  British  Army  and  Navy  they  have  abolished 
Malta  fever,  which  in  1905,  before  their  researches, 
attacked  nearly  1,300  soldiers  and  sailors.  In  1907  there 
were  in  the  army  only  eleven  cases ;  in  1908,  five  cases ; 
in  1909,  one  case. 

18.  They  have  almost  abolished  childbed  fever,  the 
chief  former  peril  of  maternity,  and  have  reduced  its 
mortality  from  five  or  ten  up  even  to  fifty-seven  in  every 
hundred  mothers  to  one  in  1,250  mothers. 

19.  They  have  very  recently  discovered  a  remedy 
which  bids  fair  to  protect  inn6cent  wives  and  unborn 
children,  besides  many  others  in  the  community  at  large, 
from  the  horrible  curse  of  syphilis. 

20.  They  have  discovered  a  vaccine  against  typhoid 
fever,  which  among  soldiers  in  camps  has  totally  abolished 

32.  Mrs.  White  in  her  letter  (p.  144)  argues  that  this  statement 
is  incorrect  because,  forsooth,  yellow  fever  "is  still  flourishing  in  a 
nuipber  of  places  in  South  America,  Central  America  and  Mexico." 
Of  coarse  it  Is,  but  all  the  world  knows  that  if  they  adopted  the 
methods  of  Colonel  Gorgas  in  the  Canal  Zone,  yellow  fever  would 
soon  be  banished  from  these  other  places.  Since  May  17,  1906  (now 
{October,  1912]  almost  six  and  a  half  years  ago),  not  a  single  cjase 
of  yellow  fever  has  originated  on  the  isthmus ! 
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typhoid  fever,  as  President  Taft  has  so  recently  and  so 
convincingly  stated.  The  improved  sanitation  which  has 
helped  to  do  this  is  itself  largely  the  result  of  bac- 
teriologic  experimentation. 

21.  They  are  gradually  nearing  the  discovery  of  the 
cause,  and  then  we  hope  of  the  cure,  of  those  dreadful 
scourges  of  humanity,  cancer,  infantile  paralysis  and 
other  children's  diseases. 

Who  that  loves  his  fellow  creatures  would  dare  to  stay 
the  hands  of  the  men  who  may  lift  the  curse  of  infantile 
paralysis,  scarlet  fever  and  measles  from  our  children 
and  of  cancer  from  the  whole  race?  If  there  be  such 
cruel  creatures,  enemies  of  our  children  and  of  humanity, 
let  them  stand  up  and  be  counted. 

22.  As  Sir  Frederick  Treves  has  stated,  it  has  been 
by  experiments  on  animals  that  our  knowledge  of  the 
patholog}^,  methods  of  transmission  and  the  means  of 
treatment  of  the  fatal  "sleeping-sickness^^  of  Africa  has 
been  obtained  and  is  being  increased. 

23.  They  have  enormously  benefited  animals  by  dis- 
covering the  causes  and  in  many  cases  the  means  of 
preventing  tuberculosis,  rinderpest,  anthrax,  glanders, 
hog  cholera,  chicken  cholera,  lumpy  jaw  and  other  dis- 
eases of  animals,  some  of  which  also  attack  man.  If 
the  suffering  dumb  creatures  could  but  speak,  they  too 
would  pray  that  this  good  work  should  still  continue 
unhindered. 

THE   ACHIEVEMENTS    OF    THE   FOES   OF   RESEARCH 

Not  a  single  human  life  has  been  saved,  by  their  efforts. 

Not  a  single  beneficent  discovery  has  been  made  by 
them. 

Not  a  single  disease  has  been  abated  or  abolished-  by 
them. 

All  that  they  have  done  is  to  resist  progress  —  to 
spend  $500,000  in  thirty  years  in  Great  Britain  alone, 
and  very  large  amounts  of  money  in  the  United  States 
— and  to  conduct  a  campaign  of  abuse  and  gross  mis- 
representation. 

They  apparently  care  little  or  nothing  for  the  con- 
tinued suffering  and  death  of  human  beings,  the  grief 
and  not  seldom  the  ensuing  poverty  of  their  families, 
provided  that  twenty-six  out  of  every  thousand  dogs 
and  cats,  monkeys  and  guinea-pigs,  mice  and  frogs 
experimented  on  shall  escape  some  physical  suffering. 

They  insist,  therefore,  that  all  experimental  research 
on  animals  shall  stop  and  —  astounding  cruelty  —  that 
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thousands  of  human  beings  shall  continue  year  after 
year  to  suffer  and  to  die. 

The  Age  of  Experiment  is  the  Age  of  Progress.  This 
is  true  in  mechanics,  in  engineering,  in  electricity,  in 
every  department  of  human  knowledge  in  which  experi- 
mental investigation  is  possible. 

Medicine  is  no  exception.  Stop  experiment  and  you 
stop  progress.  But  while  stopping  progress  in  other 
departments  only  means  that  we  shall  have  no  further 
development  in  the  external  comforts  and  conveniences 
of  life,  the  arrest  of  the  experimental  method  in  medicine 
means  that  progress  in  the  knowledge  of  the-  cause  and 
cure  of  disease  shall  stop  and  that  our  present  sufferings 
and  sorrowful  bereavements  from  the  onslaught  of  can- 
cer, scarlet  fever,  measles,  whooping-cough  and  all  the 
other  foes  of  health  and  life  —  especially  of  our  dear 
children  —  must  continue. 

In  the  last  fifty  years  we  have  made  more  progress 
than  in  the  preceding  fifty  centuries.  I  believe  that  if 
experimental  research  is  continued  and  aided,  the  next 
fifty  years  will  be  still  more  prolific  of  benefit  to  man- 
kind than  even  the  past  fifty. 

I  have  absolute  confidence  in  the  humanity,  the  intelli- 
gence and  the  common  sense  of  this  nation  that  they 
will  see  to  it  that  this  progress'  shall  not  be  halted  by 
the  outcries  and  misstatements  of  the  antivivisectionists. 

Dr.  S.  Weir  Mitchell,  when  visiting  the  Antivivisec- 
tion  Exhibition  in  Philadelphia,  put  the  matter  in^  a 
nutshell  when  he  said  to  one  of  the  guides,  "Your 
exhibition  is  not  quite  complete.  You  should  place  here 
a  dead  baby  and  there  a  dead  guinea-pig  with  the  motto, 
"Choose  between  them.^^^^ 

33.  Of  course,  not  all  antivivisectionists  are  to  be  grouped  with 
those  who  are  responsible  for  the- letters,  the  epithets  and  the  per- 
sistent misstatements  mentioned  in  this  paper.  I  have,  for  example, 
some  most  esteemed  personal  friends  who  are  more  or  less  opposed 
to  research  by  means  of  experiments  on  animals.  But  I  believe 
that  most  of  the  reasonable  persons  who  take  this  stand  are  not 
well  informed,  either  as  to  the  character  of  such  researches,  to 
their  profound  importance  to  the  human  race  and  to  animals,  or  to 
their  wonderfully  beneficent  results.  They  are  misled  by  the  mis- 
statements of  the  chief  antivivisectionists,  and  their  kindly  hearts 
are  so  shocked  by  the  asserted  "torture"  of  dogs,  cats,  etc.,  that  they 
lose  sight  of  the  real  and  horrible  torture  inflicted  on  human  beings 
by  diseases  which  the  advocates  of  research  are  endeavoring  to 
banish.  Had  they  ever  stood  as  in  the  past  I  have  stood,  knife  In  hand, 
by  the  bedside  of  a  gasping  livid  child  struggling  for  breath,  ready 
to  do  a  tracheotomy  when  the  surely  tightening  grip  of  diphtheria 
Dlade  it  necessary  to  interfere,  they  would  hail  wuh  delight  the 
blessed  antitoxin  which  has  abolished  the  knife  and  enormously 
diminished  the  mortality  of  that  curse  of  childhood.  They  would 
surely  bless  God  that  such  a  discovery  as  this  antitoxin  could  be 
made  solely  b?/  experiments  on  animals.  The  sufferings  of  a  few 
such  animals  is  as  nothing  compared  with  the  lessening  of  suffer- 
ing and  saving  of  life  for  multitudes  of  human  beings  (to  say 
nothing  of  the  saving  of  sorrow  and  suffering  to  their  families 
and  friends),  not  only  now,  but  for  all  time  to  come. 
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The  early  triumphs  of  experimental  biology,  about  the 
middle  of  the  last  century,  led  to  its  rapid  development 
as  a  means  of  advancing  knowledge  of  physiology, 
bacteriology,  pathology  and,  later,  of  other  medical 
sciences.  Accounts  and  rumors  of  experiments  on 
animals  soon  aroused  fears  that  many  cruel  and  needless 
operations  were  being  performed.  In  Great  Britain 
popular  clamor,  stirred  by  the  energy  of  a  group  of 
doctrinaires,  culminated  in  the  appointment,  in  1875, 
of  a  royal  commission  to  investigate  and  report  the  con- 
ditions under  which  animal  experimentation  was  being 
conducted.  So' little  had  the  sciences  of  pathology  and 
bacteriology  profited  at  that  time  by  use  of  the  new 
method  that  physiology  almost  alone  was  on  trial  at  the 
hearings.  In  spite  of  this  limitation  of  evidence  the 
strong  testimony  forced  the  commission  to  conclude  that 
abolition  of  animal  experimentation,  conducted  to  miti- 
gate human  suffering  and  prolong  human  life,  would  be 
impossible;  and  the  commission  therefore  recommended 
a  law  licensing  proper  persons  to  engage  in  the  practice, 
ensuring  the  avoidance  or  minimizing  of  pain,  and  pro- 
viding for  inspectors  "of  such  character  and  position  as 
to  command  the  confidence  of  the  public  no  less  than 
that  of  men  of  science.^^ 

A  writer  in  Nature,  at  that  time  (1876,  p.  248),  char- 
acterized this  recommendation  and  its  result  in  legisla- 
tion as  follows :    "The  evidence  on  the  strength  of  which 
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legislation  was  recommended  went  beyond  the  facts,  the 
report  went  beyond  the  evidence,  the  recommendations 
beyond  the  report,  and  the  bill  can  hardly  be  said  to 
have  gone  beyond  the  recommendations,  but  rather  to 
have  contradicted  them/^  Some  of  the  most  objection- 
able features  of  the  bill,  according  to  Sir  Michael  Fos- 
ter,^ were  added  as  it  was  being  passed  through 
committee  in  Parliament. 

The  result  of  this  measure  has  been  that  all  British 
experimenters  work  on  ticket  of  leave.  The  securing  of 
the  ticket  is  a  slow  process  because  of  the  large  amount 
of  red  tape  involved.  In  consequence,  sudden  or  unex- 
pected opportunities  for  research  cannot  be  utilized. 
And  if  in  the  course  of  an  investigation  a  new  line  of 
inquiry  is  suggested  —  an  event  which  is  often  the  most 
valuable  and  significant  phaso  of  the  investigation  —  the 
ticket  must  be  amended  or  a  new  ticket  must  be  secured, 
to  permit  work  in  the  new  direction,  and  that  means 
further  delay  and  vexation  and  cooling  of  enthusiasm. 
Furthermore,  for  some  experiments,  securing  a  ticket  is 
so  hopeless  that  investigators  must  leave  their  work 
incomplete  or  go  abroad  in  order  to  be  permitted  to 
pursue  it.  Study  of  the  effects  of  snake-bite,  for  example, 
and  search  for  antidotes  —  a  matter  of  great  importance 
to  India  because  of  the  high  mortality  therefrom  —  had 
to  be  suspended  in  Great  Britain  because  of  the  British 
act  of  1876.2 

One  might  suppose  that,  having  secured  such  a  degree 
of  restriction  of  experiments  on  animals,  the  antivivisec- 
tionists  would  have  rested  content.  Quite  the  contrary, 
however.  Agitation  against  animal  experimentation  has 
nowhere  else  in  the  world  been  so  violent  and  so  continu- 
ous as  in  Great  Britain  during  these  past  thirty-sixyears. 
In  1906,  thirty  years  after  the  British  antivivisection 
act  was  passed,  the  clamor  and  constant  agitation  led  to 
the  appointment  of  a  second  royal  commission.  After 
a  very  exhaustive  inquiry,  and  after  four  years  of  study 
of  the  testimony,  the  commission  reported  that  the 
scientific  investigators,  with  rare  exceptions,  have 
^^endeavored,  with  loyalty  and  good  faith,  to  conform 
to  the  provision  of  the  law,"  and  that  "the  harrowing 
descriptions  and  illustrations  of  operations  inflicted  on 

1.  See  lottor  in   Hcarini?  on   Ji  Vivisection  Bill    (S.   34),   Senate 
Committee  on  District  of  Columbia,  Wasliington,  1000.  p.  99. 

2.  Minntos  of  Evidence,  Royal  Commission  on  Vivisection,  1907.  • 
Question  G833. 


animals,  which  are  freely  circulated  by  post,  advertise- 
ment or  otherwise,  are  in  many  cases  calculated  to  mis- 
lead the  public."  The  second  commission  merely  sug- 
gested a  few  minor  changes  in  the  law,  all  of  them 
within  the  province  of  the  administration,  and  not 
requiring  amendment  of  the  act  by  Parliament. 

I  have  reviewed  in  some  detail  the  conditions  in  Great 
Britain,  because  they  offer  an  example  for  us.  In  spite 
of  drastic  legislation,  which,  as  a  "penal  measure"  (it 
was  thus  referred  to  at  the  time  of  its  passage),  placed 
scientific  investigation  under  suspicious  surveillance, 
antivivisection  societies  have  multipled,  their  activities 
have  been  unrestrained,  and  their  aims  now  are  avowedly 
the  total  abolition  of  what  has  proved  to  be  the  most 
fruitful  mode  of  progress  in  the  medical  sciences.  Thus 
the  passage  of  legislation  in  Great  Britain  has,  on  the 
one  hand,  hampered  and  limited  the  efforts  of  investi- 
gators, and,  on  the  other,  utterly  failed  to  satisfy  the 
demands  of  the  antivivisectionists. 

The  reason  for  the  two  parties  being  irreconcilable, 
the  reason  for  compromise  being  impossible,  lies  funda- 
mentally in  a  difference  of  moral  emphasis.  No  longer 
is  it  the  main  contention  of  the  antivivisectionists  that 
the  use  of  animals  for  medical  research  is  unprofitable, 
though  that  argument,  strange  to  say,  is  still  heard; 
they  now  take  what  they  call  "higher  ground"  and  say 
that  their  opposition  is  based  on  the  great  moral  wrong 
involved  in  the  sacrifice  of  animals  for  man.  As  one 
of  their  witnesses  stated,  "I  would  not  have  one  mouse 
painfully  vivisected  to  save  the  greatest  of  human  beings. 
or  the  life  dearest  to  me."  And  recently  a  writer,  in  the 
Philadelphia  JowrwaZ  of  ZoopMly  (December,  1912),  has. 
declared,  "Vivisection  is  utterly  detestable.  It  is  immoral 
and  demoralizing.  Antivivisectionists  should  keep  up 
an  unceasing  agitation  and  work  unitedly  in  asking  legis- 
latures for  laws  of  an  entirely  prohibitory  character." 
All  the  antivivisection  societies  of  Great  Britain,  and  all 
but  two  or  three  of  the  societies  in  this  country,  exist 
expressly  for  the  purpose  of  abolishing  utterly  operations 
on  animals  for  medical  and  biological  research. 

The  opposite  moral  attitude,  that  taken  by  the  investi- 
gators, was  expressed  by  the  second  British  commission. 
Basing  their  judgment  on  the  "average  moral  sense  of 
Christian  communities,"  which  is  "not  offended  by  the 
sacrifice  of  lower  animals  for  the  food,  clothing,  adorn- 


ment  and,  within  limits,  the  sport  of  man,"  they  con- 
cluded that  properly  conducted  experiments  on  animals 
"are  morally  justifiable  and  should  riot  be  pronibited  by 
legislation/' 

Although  most  antivivisectionists  are  ultimate  abo- 
litionists, and  although  some  among  them  vigorously 
denounce  merely  restrictive  legislation  as  a  wicked  com- 
promiscj  which  will  seriously  endanger  the  securing  of 
their  real  aim,  yet  others  among  them  have  been  quite 
ready  to  obtain  any  legislation  whatever  to  which  they 
might  point  as  a  mark  of  progress.  Any  sort  of  specious 
argument  may  be  expected,  when  some  legislation,  even 
the  most  trivial  and  insignificant,  is  all  that  is  wanted 
at  first.  Thus  antivivisectionists  have  declared  that  their 
prime  object  is  to  stop  the  abuse  of  animals  by  ill-trained 
physicians,  or  by  raw  medical  students,  operating  in 
private  rooms,  and  that  expert  investigators  and  phy- 
sicians interested  in  the  promotion  of  medical  research 
ought  to  be  therefore  strong  supporters  of  their  endeav- 
ors. Before  this  argument  is  accepted  a  review  of  the 
attempts  to  obtain  restrictive  legislation  in  this  country 
will  be  instructive. 

The  most  energetic  and  persistent  efforts  to  have 
restrictive  laws  enacted  have  been  made  in  Massa- 
chusetts, New  York,  and  Pennsylvania.  I  am  best 
acquainted  with  the  agitation  in  Massachusetts.  Seven- 
teen years  ago  there  was  presented  to  the  Massachusetts 
legislature  a  relatively  drastic  bill  aimed  at  the  limita- 
tion and  supervision  of  the  experimental  use  of  animals. 
At  the  first  hearing  the  crowd  was  so  great  that  the 
largest  committee  room  was  not  large  enough,  and  the 
meeting  had  to  be  adjourned  to  the  old  hall  of  repre- 
sentatives. The  petitioners  for  legislation  were  ably 
represented  by  counsel.  The  i;emonstrants  appeared  as 
laboratory  workers  and  practitioners  of  medicine  and 
surgery  to  testify  to  what  they  knew  and  give  reasons 
for  objecting  to  the  proposed  bill.  After  several  hear- 
ings the  committee,  -convinced  of  the  needlessness  of  any 
such  bill,  voted  unanimouslv  that  the  petitioners  be 
given  "leave  to  withdraw."  Then  came  the  sequence  of 
"milder"  bills.  Attempts  with  these  "milder"  bills  were 
made  almost  every  year  for  the  next  decade. 

During  all  these  later  years  the  laboratory  workers 
conducted  their  own  case;  the  petitioners  were  repre- 
sented by  able  counsel;  invariably  the  committee  refused 


to  report  the  bill.  There  was  never  any  popular  demand 
for  legislation;  interest  was  kept  alive  solely  by  the 
efforts  and  money  of  a  few  agitators.  The  number  of 
petitioners  attending  the  hearings  gradually  dwindled 
until,  at  the  last,  only  their  hired  lawyer  and  a  few 
elderly  ladies  constituted  the  remnant  of  the  greatcrowd 
that  came  in  1896.  3very  victory  for  freedom  of 
research  made  another  victory  easier,  and  just  because 
committees  again  and  again  had  found  no  reason  to 
enact  restrictive  legislation,  and  because  at  each  suc- 
cessive attempt  the  petitioners  could  advance  no  new 
arguments,  it  became  always  more  possible  to  point  to 
the  fate  of  previous  bills  as  a  precedent  to  follow.  In 
other  words,  the  efforts  of  the  antivivisectionists  became 
classified  in  the  legifelati've  mind  as  chronic  and 
unjustifiable. 

In  the  course  of  these  repeated  hearings  the  most 
effective  way  of  presenting  the  medical  and  biologic 
view  was  gradually  developed.  It  consisted,  towards  the 
last,  of  the  testimony  of  representatives  of  the  educa- 
tional institutions  of  the  state,  the  colleges,  medical 
schools  and  separate  biologic  laboratories,  representatives 
of  the  several  branches  of  the  medical  sciences,  repre- 
sentatives of  the  state  and  city  boards  of  health,  repre- 
sentatives of  the  cattle  bureau,  representatives  of  hos- 
pitals, and  prominent  physicians  and  surgeons  —  in 
short,  persons  who  knew  thoroughly  every  interest  that 
would  be  seriously  affected  by  limitation  of  the  use  of 
animals  for  instruction  and  research.  One  person  was 
selected  to  speak  for  each  of  the  interests  concerned  and 
he  was  limited  to  ten  minutes.  Thus  the  objections  to 
the  bill  were  described  to  the  committee  in  a  series  of 
brief,  pointed  speeches,  so  diverse  in  style  and  person- 
ality as  to  hold  close  attention.  At  the  end  the  leader 
of  the  remonstrants  summed  up  the  general  objections 
to  the  proposed  bill  and  answered  any  arguments  that 
previous  speakers  might  have  left  untouched. 

The  history  of  the  agitation  in  Massachusetts  has  been 
repeated  in  New  York.  The  money  of  a  few  individuals 
has  purchased  the  services  of  lawyers  and  a  public 
speaker;  and  with  this  subsidized  enthusiasm  and  with 
the  aid  of  a  newspaper  made  hostile  because  its  dis- 
reputable advertising  was  stopped  by  the  action  of  a 
local  medical  society,  the  small  group  of  antivivisection- 
ists began  their  usual  tactics.    Through  pamphlets,  leaf- 
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lets,  exhibits,  special  articles  and  lectures  they  thor- 
oughly misrepresented  the  methods  and  the  results  of 
animal  experimentation,  until  they  obtained  a  consider- 
able following  of  kind-hearted  people  who  believed  that 
the  atrocities  they  described  were  actually  being  perpe- 
trated within  the  confines  of  the  state.  Along  with  this 
misleading  effort  to  rouse  a  detestation  of  the  methods 
of  medical  research,  the  antivivisectionists  tried  to  secure 
laws  of  a  hostile  character.  Numerous  fruitless  attempts 
were  made  to  enact  restrictive  bills,  each  less  drastic  and 
more  plausible  than  its  predecessors,  and  then,  with 
steadily  diminishing  interest  at  the  hearings  they  took 
a  final  step  downward  in  their  demands  and  are  now 
asking  for  a  commission  of  inquiry.  This  is  the  mildest 
and  apparently  the  most  reasonable  request  that  they 
have  made.  Who  is  not  appealed  to  by  the  call  for  an 
"open  door"  ?  But  this  request  is  supported  by  the  same 
persons  who  formerly  urged  outright  antivivisection 
bills  and  by  some  who,  in  their  publications,  advocate  that 
animal  experimentation  be  abolished.  The  present  effort, 
therefore,  is  merely  another  attempt  to  get  legislation 
started  in  one  state  so  that  it  may  be  an  example  to 
others.  There  is  no  general  demand  for  such  investiga- 
tion; it  is  assumed  in  the  call  for  an  "open  door"  that 
the  doors  of  laboratories  are  now  shut  against  experienced 
persons  (which  is  untrue)  ;  and  the  conduct  of  the  in- 
vestigation is  placed  not  with  judicially-minded  persons, 
but  with  persons  some  of  whom  are  committed  in  ad- 
vance to  an  antagonistic  attitude.  Again  the  British 
experience  may  properly  be  cited  to  show  the  futility  of 
attempting  to  secure  any  respite  from  abuse  and  vitu- 
peration by  bending  to  the  wishes  of  persons  who  are 
intent  on  doing  their  utmost  to  harass  and  impede  the 
progress  of  medicine. 

Experience  in  Massachusetts,  New  York  and  elsewhere 
has  not  only  revealed  the  main  provisions  likely  to  be 
found  in  antivivisection  bills,  but  has  also  brought  for- 
ward the  chief  objections  to  these  provisions.  A  brief 
summary  of  these  points  will  be  instructive: 

1.  Experimentation  is  restricted  to  registered  build- 
ings.  Tliis  is  impracticable,  in  the  case  of  medical  emer- 
gencies in  country  places,  and  would  entail  difficulties  in 
experiments  on  diseases  of  animals  used  on  farms,  and 
of  game  animals,  and  hence  would  be  inimical  to  the 
farmers  and  sportsmen  of  a  state.    In  Great  Britain  por- 


tions  of  grouse-moors  have  been  necessary  for  the  study 
of  "grouse  disease/^  And  Pasteur's  proof  of  immuniza- 
tion against  anthrax  was  made  in  field  operations  remote 
from^his  laboratory  in  Paris. 

2.  Experimentation  is  restricted  to  the  purpose  of  dis- 
covering new  facts  useful  in  saving  or  prolonging  life  or 
alleviating  suffering.  This  provision  prohibits  the  use  of 
animals  (on  the  way  to  death  in  anesthesia)  for  the 
acquirement  of  technical  skill.  Thus  persons  training 
to  practice  surgery,  for  example,  would  be  forced  strictly 
to  obtain  their  first  experience  by  operating  (or  experi- 
menting !)  on  human  beings  instead  of  the  lower  animals. 

Furthermore,  the  provision  abolishes  the  use  of  ani- 
mals for  teaching  and  demonstrating  the  methods  and 
facts  of  physiology,  and  of  all  the  other  experimental 
biologic  sciences,  however  free  from  pain  these  uses  are. 
And,  as  is  generally  recognized,  to  learn  to  judge  the 
functions  of  the  body  by  studying  inactive  structure 
alone  would  be  like  learning  to  take  the  responsibilities 
of  an  engineer  by  examining  an  idle  locomotive. 

3.  The  animal  experimented  on  must  he  under  a  gen- 
eral anesthetic.  Often  quite  as  effective  anesthesia  is  pro- 
duced by  a  local  as  by  a  general  anesthetic  and,  further- 
more, much  less  discomfort  is  likely  to  attend  local  anes- 
thesia and  there  is  no  distress  in  recovering  from  it.  Ee- 
stricting  experimentation  to  animals  under  general  anes- 
thesia, furthermore,  prevents  any  attempt  at  finding  new 
anesthetics,  and  thus  either  definitely  limits  mankind  to 
those  now  employed,  or  requires  the  first  tests  to  be 
made  on  human  beii^gs. 

4.  Animals  must  he  hilled  hefore  recovering  from,  anes- 
thesia. This  process  stops  absolutely  all  work  in  experi- 
mental surgery,  and  in  the  application  of  surgical  meth- 
ods in  physiology  and  pathology.  If  this  condition  had 
been  enforced  during  the  past  fifteen  years,  some  of  the 
most  valuable  advances  in  medicine  would  have  been- ren- 
dered wholly  impossible. 

5.  Every  experimenter  must  mahe  a  report  in  writing, 
at  cexiain  times  each  year,  stating  the  nature  and  results 
of  his  studies.  The  compulsory  reports  of  all  experiments 
would  probably  have  as  their  only  practical  result 
ignorant  prosecutions,  followed  by  acquittal.  Nothing  is 
more  evident  in  antivivisection  literature  than  the  in- 
ability of  persons  equipped  mainly  with  ignorance  and 
prejudice  to  read  with  understanding  the  technical  re- 
ports of  experts.    Misunderstanding  necessarily  ensues. 
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It  is  against  sound  public  policy  to  discourage  legitimate 
experimental  work  by  the  prospect  of  such  prosecutions. 

Still  another  objection  to  compulsory  reports  is  the 
danger  to  the  community  which  might  result  from  the 
premature  publication  of  insufficiently  tried  methods  of 
treating  disease.  Koch^s  forced  premature  publication 
of  the  action  of  tuberculin  may  serve  as  an  instance,  but 
more  recent  instances  are  not  lacking.  Cruelly  false 
hopes,  bitter  disappointments,  the  spending  of  large  sums 
uselessly  in  traveling  far  to  seek  relief  from  disease  or 
to  avoid  death — such  are  the  evil  results  that  may  flow 
from  compulsory  publication. 

6.  Laboratories  in  which  animal  experimentation  is  he- 
heing  performed  shall  be  open  to  inspection  by  author- 
ized agents.  (Sometimes  the  bill  specifies  that  these 
agents  shall  represent  humane  societies.)  This  provision 
has  always  met  strong  opposition — opposition  which  must 
be  clearly  defined,  because  it  is  usually  taken  by  the  anti- 
vivisectionists  as  a  confession  of  fear  of  detection  in  cruel 
deeds.  To  this  innuendo,  however,  as  Curtis  has  said, 
"Common  sense  calmly  replies  that  no  legitimate  work 
in  any  calling  can  go  on  effectively  in  the  presence  of 
unbidden  and  ill-informed  persons,  suspicious  if  not 
hostile." 

The  appointment  of  persons  whose  qualifications  to 
inspect  laboratories  are  not  stated  is  unjustifiable.  To 
inspect  banks  experts  in  banking  are  appointed;  to  in- 
spect laboratories  experts  in  experimentation  should  be 
specified.  The  grossest  errors  of  judgment  have  been 
made  by  ignorant  persons,  incapable,  for  example,  of 
distinguishing  between  reflex  movements  of  brainless  ani- 
mals and  purposive  acts.  But  the  petitioners  for  re- 
strictive legislation  will  not  admit  that  experts  in  ex- 
perimentation are  fit  persons  to  trust. 

Even  when  inspectors  are  competent,  as  British  ex- 
perience has  shown,  they  either  become^suspected  cf  being 
in  league  with  the  experimenters,  because  they  so  rarely 
report  abuses,  or  they  are  said  not  to  be  present  in  the 
laboratories  when  the  atrocities  are 'being  perpetrated. 
Xot  content  with  occasional  inspection,  therefore,  the 
British  antivivisectionists  are  now  advocating  constant 
attendance  of  inspectors  in  laboratories  so  that  nothing 
may  escape  scrutiny.  The  absurdity  of  this  scheme  is  its 
strongest  condemnation.  Evidently  no  amount  of  inspec- 
tion is  going  to  satisfy  the  agitators  unless  their  pre- 
conceptions are  to  be  substantiated. 


Besides  the  foregoing  special  objections  to  bills  which 
are  hostile  to  operations  on  animals,  there  are  certain  gen- 
eral objections: 

1.  Restrictive  legislation  is  not  needed.  The  welfare 
of  the  animals  used  in  experimentation  is  already  safe- 
guarded by  voluntarily  imposed  regulations  providing 
for  their  bodily  comfort,  for  their  use  in  important  pur- 
poses, and  for  their  freedom  from  pain.  The  regulations, 
drawn  up  by  the  Bureau  for  the  Protection  of  Medical 
Eesearch  of  the  American  Medical  Association,  have  been 
adopted  by  corporate  vote  in  practically  every  medical 
school  in  the  country  in  which  research  is  being  con- 
ducted. Mr.  Henry  Bergh,  of  the  American  Society  for 
the  Prevention  of  Cruelty  to  Animals,  has  referred  to 
these  as  "the  most  exemplary,  humane  and  beneficent 
regulations  governing  the  practice  of  vivisection  to  meet 
the  requirements  of  humanity.'^  Only  the  director  of 
the  laboratory  can  make  exceptions  to  the  rules  and  he 
can  do  so  only  in  the  rare  case  in  which  anesthesia  or 
death  of  the  Unimal  would  defeat  the  object  of  the  experi- 
ments.^ 

The  general  adoption  of  the  regulations  in  schools  with 
active  laboratories  renders  further  legislation  unneces- 
sary. Burdening  the  statute  books  with  unnecessary 
legislation  is  admittedly  reprehensible. 

2.  Such  restrictive  legislation  is  indefensible  class  leg- 
islation. It  is  the  function  of  the  state  to  enact  general 
laws  against  cruelty  to  animals ;  the  proposed  legislation 
places  scientific  ;3ien  under  peculiar  surveillance  and 
limitation.  This  is  unwarrantable.  The  general  laws  re- 
garding cruelty  are  adequate  to  cover  cases  of  wanton 
infliction  of  pain,  no  matter  by  whom  inflicted.  A  few 
years  ago  a  professor  in  a  veterinary  school  was  convicted 
of  cruelty  on  this  basis,  whether  justly  or  not  is  not  now 
pertinent;  the  fact  is  that  the  existing  general  law  was 
adequate.  Similarly  two  students  of  "optometry,"  in 
New  York,  were  convicted  under  the  general  law  pro- 
viding for  the  punishment  of  causing  in  animals  "un- 
justifiable physical  pain,  suffering  or  death."  It  is 
proper,  therefore,  to  demand  that  the  general  laws 
against  cruelty  be  applied  before  special  legislation  is 
framed. 

3.  See  Cannon,  W.  B. :  Medical  Control  of  Vivisection,   Defense 
of  Research  Pamphlet,  xvi,  1910. 
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3.  Such  restrictive  legislation  is  merely  initial — an  en- 
tering wedge — advocated  with  the  'purpose  of  advocating 
later  more  stringent  law.  In  the  Journal  of  Zoophily 
(March,  1909^  is  this  statement: 

We  believe  that  in  the  course  of  time  we  shall  have  total 
abolition  of  vivisection,  but  as  we  cannot  get  it  now,  we  think 
we  may  be  justified  in  asking  for  something  that  will  help  the 
poor  animals  a  little.  Though  we  may  not  get  abolition  at 
once,  we  shall  eventually. 

This  is  the  attitude  taken  by  the  moving  spirits  among 
the  opponents  of  animal  experimentation  everywhere.  As 
already  shown,  Great  Britain  has  had  a  restrictive  law^ 
with  registration  of  buildings,  reports  of  experiments, 
and  inspection,  for  thirty-six  years.  Yet  there  is  no 
country  in  which  agitation  for  abolition  of  animal  ex- 
perimentation is  more  active.  The  passage  of  the  pro- 
posed legislation  would  therefore  not  allay  agitation. 

No  other  civilized  country  has  followed  Great  Britain's 
lead;  no  British  dependency  has  done  as  the  mother 
country  has  done.  As  Sir  Michael  Foster  declared,  with 
reference  to  the  British  Act,  "England  offers  in  this 
respect  at  least  an  example  to  be  shunned  alike  by  her 
offspring  and  by  her  fellows.'' 

In  conclusion  I  wish  to  urge  that  everything  possible 
be  done  to  enlighten  the  intelligent  public  as  to  the  great 
practical  results  ol:  animal  experimentation,  the  impor- 
tant problems  that  remain  to  be  solved,  the  ideals  of  the 
investigators  who  are  trying  to  solve  these  problems, 
and  the  essential  humanity  of  their  methods.  The 
pamphlets  published  by  the  Bureau  for  the  Protection 
of  Medical  Eesearch  of  the  American  Medical  Associa- 
tion, and  the  leaflets  issued  by  the  Committee  on  Experi- 
mental Medicine  of  the  New  York  State  Medical  Society 
present  an  overwhelming  .array  of  facts  highly  service- 
able in  such  education.  Physicians  who  use  in  daily 
practice  the  results  of  laboratory  investigations  can  do 
nothing  •more  useful  to  medical  progress  than  combating 
antivivisection  arguments  and  explaining  the  dangers  of 
compromise. 

And  I  also  wish  to  urge  further  that  sharp  watch  be 
kept  on  attempts  to  secure  legislation  that  now  or  in  the 
future  would  hamper,  or  in  any  way  interfere  with,  the 
efforts  of  men  engaged  in  medical  research.  Our  oppo- 
nents will  try  to  get  a  foothold  in  one  state  or  another;' 
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and  when  they  have  done  so  they  will  point  to  that 
accomplishment  as  the  result  of  their  own  prowess  and 
as  evidence  of  humanity  and  enlightenment  of  the  people. 
And  on  the  basis  of  action  in  one  state  they  will  begin 
work  in  others.  For  the  welfare  of  mankind  we  must 
not  permit  their  views  to  prevail. ; 

Welch  has  summed  up  very  precisely  the  reasons  for 
opposing  the  efforts  of  the  antivivisectionists.  "The 
fundamental  objection/'  he  declared,  "to  the  various 
legislative  proposals  to  regulate  animal  experimentation 
by  a  system  of  licenses,  of  inspections,  of  specifications 
as  to  the  purposes  and  conduct  of  the  experiments,  is  that 
the  enactment  of  such  statutes  would  take  the  control 
of  a  matter  of  the  highest  importance  to  human  welfare, 
and  one  requiring  special  knowledge  and  training  and 
skill,  out  of  the  hands  of  the  experts,  who  possess  these 
qualifications,  and  would  place  it  in  charge  of  those  who 
have  not  the  requisite  technical  knowledge  and  experi- 
ence. Not  those  who  know,  but  those  who  do  not  know, 
would  be  given  a  discretion  which  might  prove  disastrous 
to  the  future  of  scientific  medicine.  This  is  a  monstrously 
wrong  principle  to  embody  in  legislation.  Science  has 
waged  a  long  warfare  through  the  centuries  for  freedom 
of  investigation.  The  last  of  its  battles  is  being  waged 
to-day  for  freedom  of  experimental  research  in  medicine. 
While  I  do  not  doubt  the  issue  of  this  battle,  I  conceive 
it  to  be  the  duty  of  the  public  and  of  the  press  to  support 
the  cause  of  freedom  in  this  contest,  which  is  likewise 
that  of  true  humanity.'' 

Further  information  regarding  antivivisection  agitation,  and 
regarding  the  value  of  animal  experimentation  to  mankind,  can 
be  obtained  by  addressing  the  Bureau  for  the  Protection  of 
Medical  Research  of  the  American  Medical  Association,  535 
Dearborn  Avenue,  Chicago,  or  the  Committee  on  Experimental 
Medicine,  New  York  State  Medical  Society,  17  West  Forty- 
Third  Street,  New  York  City. 
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In  the  literature  distributed  by  the  American  Anti- 
vivisection  Society  at  its  exhibit  held  in  Philadelphia 
in  the  winter  of  1913-1914  are  many  statements  of 
great  interest  to  all  who  are  working  for  improvements 
in  public  health  matters,  and  of  vital  importance  to 
every  member  of  a  profession  which  has  for  its  ideal 
the  relief  or  abolition  of  suffering  caused  by  disease. 
In  brief,  this  literature  indicates  that  the  recent  activi- 
ties of  the  antivivisectionists  are  directed  not  so  much 
against  animal  experimentation  as  against  the  adoption 
of  new  methods  of  scientific  procedures  in  the  practice 
of  medicine. 

This  is  evident  in  (1)  the  misrepresentation  of  the 
medical  profession  in  connection  with  procedures  which 
the  antivivisectionists  term  "human  vivisection/^  and 
(2)  the  apparent  cooperation  of  the  American  Anti- 
vivisection  Society  with  forces  opposed  to  the  improve- 
ment of  the  public  health. 

/.    MISREPRESENTATIONS  AS  TO  "HUMAN 

VIVISECTION" 

In  presenting  the  evidence  bearing  on  the  first  of  these 
two  points  I  shall  utilize  only  the  literature  bearing  the 
stamp  of  the  American  Antivivisection  Society^  the 
New  York  Antivivisection  Society,  the  British  Union 
for  the  Abolition  of  Vivisection  (the  British  antivivi- 
section society)  or  the  Vivisection  Investigation  League 
of  New  York. 

♦  Presented  at  the  Tenth  Annual  Conference  on  Public  Health 
and  Education  and  reprinted  as  Pamphlet  No.  20  of  the  Protection 
of  Medical  Research  series,  issued  by  the  Council  on  Health  and 
Public  Instruction  of  the  American  Medical  Association.  Copies  can 
be  secured  for  10  cents  each.  This  series  consists  of  twenty-six 
pamphlets,  taking  up  the  relations  of  animal  experimentation  to 
ethics,  diagnosis,  cancer,  vaccination,  the  live  stock  industry,  tubercu- 
losis, typhoid,  dysentery,  plague,  rabies,  surgery,  internal  secretions, 
the  circulation  of  the  blood,  protozoan  tropical  diseases,  etc. 


Not  all  the  statements  presented  in  these  pamphlets 
can  be  traced  to  their  sources,  for  many  of  them  consist 
of  quotations  from  the  daily  papers  or  from  the  Journal 
of  ZoophUy  and  the  Abolitionist,  and  frequently  even 
those  quoted  from  medical  journals  are  given  without 
original  sources  or  are  based  on  a  summary  of  the  liter- 
ature or  on  some  other  equally  indirect  account.  As 
these  cannot  readily  be  verified  and  as  Dr.  Keen^  has 
previously  covered  the  references  to  foreign  literature, 
I  have  limited  my  investigation  to  references  to  orig- 
inal papers  in  American  medical  publications. 

FIVE   ANTIVIVISECTIONIST  .  QUESTIONS 

In  a  pamphlet  entitled  "Human  Vivisection"  (bear- 
ing the  name  of  the  New  York  Antivivisection  Society), 
five  questions  are  asked: 

1.  Would  you  like  to  have  your  body  inoculated  with 
consumption  germs? 

In  connection  with  this  question  is  given  a  news- 
paper account  (New  York  Herald)  of  a  paper  read  by 
Professor  Detre  of  the  TJniversity  of  Budapest  at  the 
International  Tuberculosis  Congress  in  Washington  in 
1908.  The  pamphlet  states  that  "he  had  inoculated 
nine  children  in  Hungary  with  a  serum  he  had  dis- 
covered. He  urged  further  demonstration  in  the  inter- 
est of  science.  In  consequence  nine  charity  children 
suffering  from  incipient  tuberculosis  in  the  Children's 
Hospital  at  Washington  were  selected  and  germs  of  both 
bovine  and  human  tuberculosis  were  injected." 

I  have  investigated  this  account  through  Dr.  John 
F.  Anderson  of  Washington,  D.  C,  director  of  the 
Hygienic  Laboratory  of  the  United  States  Public 
Health  Service.  From  Dr.  Anderson's  account  it  is 
seen  that  in  tlie  first  place  Detre^  did, not  use  a  serum, 
and  in  the  second  place  did  not  inject  the  germs  of 
tuberculosis.  What  he  I'cally  did  was  to  scratch  the 
skin  as  in  vaccination  and  apply  by  von  Pirquet's 
method  "old  tuberculin,"  that  is,  a  heated  fluid  in  which 
tubercle  bacilli  had  been  grown,  but  which  is  entirely 
freed  from  such  bacilli. 

1.  Keen,  W.  W. :  Misstatements  on  Antivivisection,  The  Journal 
A.  M.  A.,  Feb.  23,  1901,  p.  500 ;  Misstatements  of  the  Antivivisec- 
tionists  Again,  The  Journal  A.  M.  A.,  Aug.  10,  1901,  p.  400. 

2.  See  Detre's  o»'iginal  account.  Proc.  Sixtli  Internat.  Cong. 
Tuborc,    Section   I,   Vol.   I,    Part   I,   p.    515. 


Dr.  Anderson's  statement  follows: 

Dotre's  experiments  at  the  Cliildreirs  Hospital  were  for  the 
purpose  of  demonstrating  the  truth  of  the  claim  by  him  that 
he  could  differentiate,  by  means  of  a  von  Pirquet  reaction, 
between  infection  with  bovine  and  human  tuberculosis.  The 
children  were  not  actually  inoculated,  but  the  experiments 
were  simply  a  simultaneous  von  Pirquet,  using  at  different 
points  old  tuberculin  made  from  the  human  strain  and  from 
the  bovine  strain.  .  .  .  The  children  certainly  suffered 
no   ill   effects   therefrom. 

The  other  reference  under  this  first  question  is  to 
an  investigation  in  Philadelphia  in  which  tuberculin 
was  used  as  a  diagnostic  measure.  A  sentence  runs, 
^'More  than  half  the  cases  reacted  (which  means  they 
were  infected  with  tuberculosis  in  a  modified  form) 
and  some  suffered  very  serious  complications.  .  .  .'' 
To  the  medical  man  the  fact  that  these  individuals 
^^reacted'^^  means  that  they  were  suffering  from  tubercu- 
losis before  the  use  of  tuberculin;  but  to  the  layman 
the  implication  is  that  the  use  of  tuberculin  brought 
about  de  novo  an  infection  with  "tuberculosis  in  a 
modified  form.''  It  is  not  stated  that  in  the  prepara- 
tion of  tuberculin  all  tubercle  bacilli  are  destroyed  and 
that  therefore  it  cannot  cause  tuberculosis;  on  the  con- 
trary, the  impression  given  is  that  living  bacteria  were 
used.* 

2.  A  second  question  is:  Would  you  like  to  have 
your  daughter  given  the  most  awful  and  vile  disease 
known?  In  their  answer  to  this  question  nothing  is 
presented  which  bears  on  medical  practice  in  America. 

3.  Would  vou  like  vour  son  to  be  inoculated  with 
scarlet  fever  or  poisonous  pus?  The  reference  here  is 
to  Dr.  J.  W.  Stickler  of  Orange,  N.  J.,  who  is  charged 
with  inoculating  a  little  girl  of  4  and  a  boy  of  8  years 
with  foot-and-mouth  disease  and  with  exposing  these 
children  after  recovery  from  foot-and-mouth  disease 
to  the  infection  of  scarlet  fever.    I  have  examined  Dr. 

3.  The  word  "reacted"  as  used  in  medical  practice  indicates 
that  the  result  of  the  tost  was  positive  and  showed  that  the 
individual  was  suffering  from  tuberculosis.  Thus,  when  tuberculin 
is  scratched  into  the  skin  (von  Pirquet  method)  or  dropped  on 
the  surface  of  the  eye  (Calmettc  method)  a  local  reddening  occurs. 
This  local  reaction  does  not  mean  that  tuberculosis  is  produced 
locally,  but  merely  that  tuberculosis  is  present  somewhere  in  the 
body.     In  the  absence  of  tuberculosis  no  "reaction"  occurs. 

4.  For  a  more  complete  acjount  of  these  misrepresentations,  see 
the  discussion  of  tuberculin,  latei. 


stickler's  original  report"  and  fiiid  that  the  statement 
of  fact  is  correct.  Dr.  Stickler  shortly -afterward  com- 
mitted suicide  and  the  evidence  in  the  case  and  the 
opinions  of  his  most  intimate  friends  are  that  he  was  of 
unsound  mind  at  the  time  he  made  these  experiments.! 

4.  Would  3^ou  like  to  have  cancer  grafted  into  your 
well  breast  so  that  it  took  root  there?  In  their  answer 
to  this  question,  as  in  the  second,  no  American  literature 
is  cited. 

5.  Would  you,  a  decent  woman,  after  the  anguish 
of  childbirth,  like  to  be  inoculated  by  the  hospital  doctor 
with  loathsome  disease,  and  put  with  the  degraded 
women  suffering  these  diseases?  This  question,  again, 
is  not  supported  by  reference  to  American  literature. 
It  is,  however,  as  are  also  the  second  and  fourth  ques- 
tions, put  in  such  a  way  by  an  American  society  as  to 
suggest  that  the  procedures  indicated  are  constant 
occurrences  in  American  hospitals. 

In  connection  with  the  second,  fourth  and  fifth  ques- 
tions, no  support  of  the  implications  is  offered,  and  the 
data  presented  in  connection  with  the  first  question, 
concerning  inoculation  with  tubercle  bacilli,  has  no  basis 
in  fact.  In  connection  with  the  third  onlv  is  there  an 
adequate  basis  in  American  medical  literature,  and  even 
in  this  the  question  g^ives  a  false  impression,  for  the 
children  were  exposed  to,  not  inoculated  with,  scarlet 
fever.  They  were,  however,  subjected  to  inoculation 
with  material  from  the  vesicles  of  foot-and-mouth 
disease.  From  Dr.  Stickler's  description  it  is  not  clear 
that  he  reproduced  the  disease.  Nevertheless  it  is  dif- 
ficult to  excuse  such  procedures.    As  the  result  of  his 

clinical  experience  Dr.  Stickler  believed  that  foot-and- 

■ . < 

5.   Stickler:  Med.   Rec,   New  York,  Dec.   10,   1887. 

t  Dr.  W.  P.  Northrnp  writes  to  mo  as  follows  :  I  was  a  personal 
friend  of  "Joe"  Stickler  and  recall  that  he  brought  to  mo  his  experi- 
ments with  foot  and  mouth  disease  as  a  prophylactic  against  scar- 
let fever  for  the  purpose  of  obtaining  from  me  patients  on  whom 
to  try  the  measure.  The  proposition  was  turned  down.  It  was 
taken  to  others,  and  among  them  Dr.  Abraham  Jacobi,  by  whom 
the  proposition  was  turned  down  in  such  emphatic  terms  that 
nothing  more  was  he^rd  of  it.  I  remember  that  Dr.  Stickler  injected 
himself  with  the  disease  and  was  very  sick  with  alarming  symp- 
toms for  a  few  days.  He  committed  suicide.  Among  his  papers  was 
found  one  requesting  his  wife  to  i)ublish  his  experiments  after  his 
death.  His  suicide  completed  the  impression  that  he  was  mentally 
unbalanced  for  a  time — "obsessed"  with  the  idea  that  he  was  immor- 
talizing his  name  and  would  deserve  the  gratitude  of  future  genera- 
tions. I  was  a  personal  friend,  and  roomed  with  him  as  a  medical 
student,  and  visited  him  at  his  home.  I  regret  bringing  this 
unhappy  incident  to  light  again  and  would  shield  my  friend's  mem- 
ory, but  under  the  present  circumstances  it  seems  right  to  publish 
these  facts.  My  friend  was  apparently  "obsessed"  with  the  delusion 
that  he  had  made  a  "great  discovery." 


moutii  disease  protected  against  scarlet  fever,  and  in 
an  attempt  to  prove  this  he  made  the  experiments 
described.  .In  this  his  procedure  was  not  different  from 
that  of  Jenner  in  connection  with  cow-pox  and  small- 
pox. But  our  knowledge  of  the  infectious  diseases  in 
1887  justified  methods  other  than  those  of  Jenner. 
I  doubt  whether  to-day  such  observations  as  those  of 
Stickler  would  receive  the  support  of  any  reputable 
physician.  Certainly  these  isolated  observations  of 
twenty-seven  years  ago  cannot  be  taken  as  a  criterion 
of  what  would  be  done  to-day  in  the  light  of  our  wider 
knowledge. 

THE   ATROPIN-MORPHIlsr   INVESTIGATION" 

Aside  from  the  matter  covered  by  these  five  ques- 
tions, the  pamphlet  gives  three  other  descriptions  of 
so-called  "human  vivisection"  in  this  country.  One  is 
of  observations  in  a  "United  States  Army  Hospital" 
on  the  antagonistic  action  of  atropin  and  morpliin. 
These,  it  is  stated,  were  made  on  soldiers,  and  the 
criminal  character  of  the  procedure  lies  apparently  in 
the  fact,  as  quoted  from  the  original,  that  "in  no 
instance  were  they  allowed  to  know  what  agents  were 
used,  or  what  eifeets  were  expected."  The  investiga- 
tion in  question  is  that  of  Drs.  S.  Weir  Mitchell,  William 
W.  Keen  and  George  E.  Morehouse,®  which  had  for  its 
object  the  relief  of  pain  in  "those  terrible  cases  of 
neuralgia  which,  in  some  shape,  are  apt  to  follow  as 
a  consequence  of  neural  injuries."  These  nerve-injuries, 
it  must  be  understood,  were  those  following  ^nshot 
and  other  wounds  of  warfare.  After  trying  many  drugs 
it  was  found  that  morphin  alone  in  many  instances 
seemed  able  "to  overcome  the  anguish  of  certain  forms 
of  neuralgic  distress."  But,  although  morphin  gave 
relief  from  the  "agony"  and  "anguish"  of  these  nerve- 
wounds,  it  had  certain  inconveniences,  and  these,  in 
view  of  the  necessity  of  administering  to  some  patients 
as  many  as  from  twenty  to  thirty  hypodermic  injections, 
a  day,  became  a  serious  matter.  It  was  in  an  attempt 
to  overcome  them  that  the  investigation  of  the  effect 
of  a  combination  of  atropin  and  morphin  was  under- 
taken. As  a  result  of  these  investigations  the  use  of 
atropin  with  morphin  has  become  a  commonplace  of 

6.  Mitchell,  S.  Weir :  Keen,  W.  W.,  and  Morehouse,  George  R. : 
On  the  Antagonism  of  Atropia  and  Morphia,  Founded  on  Observa- 
tions and  Experiments  made  at  the  United  States  Army  Hospital 
for  Injuries  and  Diseases  of  the  Nervous  System.  A^^  /our.  M'^d. 
So.,  isor,,  T.,  07, 


flierapcutic  procedure,  and  standard  tablets  eontainin<r 
these  drugs  are  used  all  over  the  world  with  little 
thought  of  the  clinical  diflBculties  w^ich  led  Mitchell, 
Keen  and  Morehouse  to  make  their  original  study.  As 
to  the  charfire  of  experimentation  without  the  knowledsre 
of  the  patient.  Dr.  Keen^  has  elsewhere  made  the  fol- 
lowing statement: 

Most  of  our  patients  operated  on  (entirely  by  hypodermic 
injections)  were  sorely  in  need  of  relief.  A  few  were  con- 
valescents. In  all  cases  we  avoided  telling  them  what  drug 
was  being  used,  for  every  one  knows- how  imagination,  fear 
or  other  emotion  would  alter  the  rate  of  the  pulse  or  of 
the  breathing.  Not  one  man  was  injured  in  the  least.  Not 
one  ever  complained. 

This  investigation  constitutes  one  of  the  most  impor- 
tant pharmacologic  and  therapeutic  contributions  in 
American  medical  literature.  Many  thousands  of  human 
beings  have  been  benefited  and  many  lives  saved  through 
the  knowledge  thus  obtained,  but  to  the  opponents  of 
medical  investigation  it  is  merely  an  example  of  'Tiuman 
vivisection.^^ 

OBSERVATIONS   OP  THYROID  EXTRACT   IN  THE  INSANE 

Another  quotation  concerns  Dr.  Henry  J.  Berkley  of 
Johns  Hopkins  Hospital  and  his  observations  concern- 
ing the  effect  of  preparations  of  the  thjnroid  gland  on 
insane  patients.  He  is  quoted  as  saying  in  regard  to  the 
thyroid  preparation  that  ^^when  its  administration  is 
pushed  even  to  a  moderate  degree  if  almost  invariably 
results  in  death/^  and  that  "two  patients  became  fren- 
zied and  of  these  one  died  before  the  excitement  had 
subsided.^^  In  the  opening  paragraph  of  his  paper 
Berkley*  reviews  the  current  views  concerning  the  clin- 
ical use  of  thyroid  extract,  and  it  is  in  the  second  para- 
graph, where  he  refers  to  both  man  and  animals,  that 
one  of  the  foregoing  quotations  occurs,  that  is,  that 
"when  this  administration  is  pushed  even  to  a  moderate 
degree  death  is  almost  invariably  the  result."  This  is 
a  general  statement  based  on  the  literature  which  has 
accumulated  in  connection  with  the  use  of  thvroid 
extracts  and  covers  not  only  clinical  but  also  experi- 
mental work  on  animals.     It  is  not,  as  is  implied  in 

7.  Keeu,  W.  W. :  The  Influence  of  Vi7^section  on  Character, 
A.M. A.   Defense   of   Research    I'amphlet  XXIV,   1912. 

8.  Berkley,  Henry  J. :  Studies  on  the  Lesions  Induced  by  the 
Action  of  Certain  Poisons  on  the  Cortical  Nerve-Cells.  VII.  Poison- 
iuK  with  Preparations  of  the  Thyroid  Gland,  Bull.  Johns  Hopkins 
//osp..   Jnlv.   ISOT. 
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the  antivivisection  pamphlet,  a  conclusion  based  on  Dr. 
Berkley's  work. 

In  connection  with  the  second  statement,  *^Two 
patients  became  frenzied,  and  of  these  one  died  before 
the  excitement  subsided/'  the  pamphlet  does  not  give 
the  rest  of  the  sentence,  "the  immediate  cause  of  the 
exitus  being  an  acute  disseminated  tuberculosis'';  nor 
does  it  state  that  the  death  occurred  seven  weeks  after 
thyroid  treatment  had  been  discontinued.  Further- 
more, it  does  not  state  that  the  frenzy  may  have  been 
a  manifestation  of  mental  derangement  and  not  of  the 
action  of  the  th3rroid  .preparation. 

Both  of  these  quotations  are  excellent  examples  of 
the  way  the  opponents  of  medical  research  misrepresent 
medical  literature.  It  is  true  that  Dr.  Berkley's  treat- 
ment was  carried  out  on  insane  patients,  but  he  def- 
initely states  that  the  initial  treatment  was  5  grains 
daily  for  three  days,  then  after  a  certain  tolerance  had 
been  established  10  grains,  and  unless  the  symptoms 
induced  became  grave,  the  dose  was  increased  to  15 
grains  daily.  There  is  every  evidence  that  in  order  to 
obtain  information  concerning  the  value  of  this  treat- 
ment, as  well  as  its  dangers,  he  used  every  precaution 
possible.  That  many  of  the  patients  improved  and  that 
two  were  sent  home  on  this  account  is  not  stated  by 
those  who  quote  him.  That  Dr.  Berkley  should  point 
out  that  the  treatment  may  have  its  dangers  does  not 
make  it  human  vivisection.  Thyroid  gland  has  been  and 
still  is  used  in  medical  treatment — and  the  doses  used 
to-day  are  as  large  as  or  even  larger  than  those  admin- 
istered by  Dr.  Berkley.  Moreover,  it  may  be  pointed  out 
that  Dr.  W.  W.  Keen  called  attention  to  these  errors 
of  statement  in  1901,  as  did  also  Dr.  W.  B.  Cannon  in 
1911.  They  have,  however,  never  been  corrected. 
Indeed,  this  ancient  slander  of  Dr.  Berkley  has,  without 
the  slightest  regard  for  truthful  statement  or  sense  of 
fair  play,  been  repeated  within  the  last  few  months. 
It  is  this  disregard  of  all  sense  of  fairness  and  decency 
in  connection  with  the  use  of  Dr.  Berkley's  report 
that  has  opened  the  eyes  of  many  fair-minded  persons 
to  the  fact  that  antivivisection  literature  is  largely  a 
literature  of  falsehood  and  misrepresentation. 

Only  three  other  American  references  are  given  in 
this  pamphlet.  One  of  these,  referring  to  lumbar  punc- 
ture, I  shall  discuss  later.  Of  the  other  two,  one  is  a 
proposition  by  the  vice-president  of  a  state  board  of 
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nealth  that  the  state  board  of  pardons  grant  the  privilegi* 
of  inoculating  convicted  criminals  with  the  germs  of 
tuberculosis,  and  the  other  tells  of  a  paper  read  by  a 
physician  in  Illinois  in  which  the  suggestion  was  made 
that  criminals  condemned  to  capital  punishment  be 
turned  over  to  the  experimental  physiologist. 

Neither  of  these  statements  need  be  taken  seriously; 
but  even  if  they  do  represent  the  opinion  of  a  few  phy- 
sicians, they  differ  in  no  way  from  the  suggestion  of 
one  of  our  local  anti vivisection  leaders  (Caroline  Earle 
White),  who  suggests  that  in  India  the  persons  con- 
demned to  death  as  the  result  of  snake-bite  be  used  for 
experimental  purposes.  "Here  is  an  opportunity/' 
writes  Mrs.  White,  "such  as  is  not  often  offered  for 
experimenting  upon  human  beings,  since  as  they  would 
invariably  die  from  the  snake  bite,  there  can  be  no 
objection  to  trying  upon  them  every  variety  of  antidote 
that  can  be  discovered."  After  all,  this  suggestion  by 
an  antivivisectionist  is  not  very  different  from  the  two 
concerning  criminals. 

MISREPEESENTATION     OF    LUMBAR    PUNCTURE 

Much  attention  is  given  by  the  antivivisection  soci- 
eties at  present  to  lumbar  puncture  and  the  serum  treat- 
ment of  meningitis  as  forms  of  "human  vivisection.^' 
This  term  is  one  which  is  very  appropriate  for  any  sur- 
gical operation  on  man,  but  it  is  difficult  to  understand 
how  it  can  be  applied  to  the  various  diagnostic  pro- 
cedures or  curative  inoculations,  which  have  developed 
recently,  from  which  modern  medicine  has  derived  so 
many  benefits  and  on  which  it  bases  its  hope  of  future 
control  of  the  infectious  diseases.  In  the  exhibit  of  the 
American  Antivivisection  Society  is  a  picture®  showing 
a  nurse  and  (presumably)  a  physician  standing  one  on 
each  side  of  a  table  on  which  a  child  lies.  The  physician 
is  apparently  about  to  perform  the  simple  procedure 
known  as  lumbar  puncture,  that  is,  to  remove  for  pur- 
poses of  diagnosis  and  treatment  a  small  amount  of 
fluid  from  the  spinal  canal.  Of  the  fact  that  this  is 
the  present-day  routine  procedure  in  all  cases  of  evident 
or  suspected  meningitis,  no  mention  is  made.  That  on 
lumbar  puncture  depends  both  the  diagnosis  and  the 
treatment  of  meningitis  is  not  even  suggested.  Thus 
a  humane  and  life-saving  procedure  is  presented  to  the 

9.  The  pamphlet  reproducing  this  picture  is  labeled  "Human 
Material  for  Scientific  Research,"  and  bolow  the  picture  are  the 
words   "Human    Vivisection." 
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thoughtless  public  as  a  form  of  so-called  human  vivi- 
section. 

In  the  pamphlet  of  the  New  York  society,  previouslv 
mentioned,  is  the  oft-quoted  statement  that  "Dr.  A.  H. 
Wentworth,  Senior  Assistant  Physician  to  The  Infants' 
Hospital,  Boston,  made  forty-five  vivisections  tapping 
the  spinal  canals  of  children,  many  of  whom  died." 
It  has  been  pointed  out  time  and  time  again  that  forty- 
five  punctures  were  made  in  twenty-seven  living  and 
three  dead  children,  and  that  of  the  twenty-seven,  four- 
teen died,  not  at  the  time  or  as  the  result  of  the  punc- 
ture, but,  as  the  necropsies  showed,  and  as  is  stated  in 
Wentworth's  paper,  from  which  the  New  York  Society 
quotes,  of  definite  morbid  processes.  Dr.  W.  W.  Keen 
and  Dr.  W.  B.  Cannon  have  called  the  attention  of  the 
antivivisectionists  to  their  unjust  and  misleading  state- 
ments concerning  these  cases,  and  although  one  of  the 
members  of  the  American  Antivivisection  Society  has 
acknowledged  that  she  "unconsciously  exaggerated" — 
she  had  stated  that  "every  one"  of  the  children  died — 
the  story  is  still  preserved  in  a  form  which  magnifies 
the  number  of  children  and  gives  the  impression  that 
lumbar  puncture  was  the  cause  of  death.  And  this  is 
done  despite  the  fact  that  lumbar  puncture  is  now 
accepted  as  one  of  the  most  important  procedures  in 
the  diagnosis  of  acute  and  chronic  cerebrospinal 
diseases,  is  essential  in  the  treatment  of  epidemic  cere- 
brospinal meningitis,  is  a  constant  procedure  in  surge rv 
when  spinal  anesthesia  is  desired,  and  is  frequently 
employed  as  a  method  of  diagnosis  when  traumatic 
injuries  of  the  spine  exist. 

MISLEADING  STATEMENTS  AS  TO  SEBUM  TREATMENT 

OP    MENINGITIS 

In  connection  with  the  serum  treatment  of  menin- 
gitis a  most  misleading  pamphlet  is  put  out  by  the 
American  Antivivisection  Society.  It  contains  the  fol- 
lowing : 

We  are  indebted  to  I  he  Vivisection  Investigation  League  of 
New  York  for  the  following  refutation  of  Dr.  Flexner's  claims: 

Dr.  Flexner  of  the  Rockefeller  Institute  says  of  cerebro- 
spinal meningitis  that  "where  75  per  cent,  died,  now  75  per 
cent,  recover."  The  New  York  City  Health  Department,  in 
its  weekly  report,  says  that  there  wore  in  Greater  New  York: 
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Case  Fatalities 
Cases  Deaths  Per  Cent. 

1905    2,670  2.025  75.8 

1906  980  813  82.9 

1907  795  652  82.1 

1908  396  359  90.6 

1909  339  330  97.3 

In  Greater  New  York,  24  deaths,  January,  1910.  The  last 
annual  report,  1908,  of  the  New  York  City  Health  Depart- 
ment says  that  "the  endemic  level  as  it  was  previous  to  the 
outbreak  of  1904  has  at  last  been  reached,  the  death-rate 
per  1,000  being  0.(37  during  1908,  which  is  exactly  the  same 
as  the  death-rate  from  1900  to  1903.  .  .  .  The  disease 
was  apparently  more  fatal  during  1908  than  the  year  before. 
.  .  .  The  antimeningitis  serum  was  first  used  in  April, 
tdOir     [Italics  in  pamphlet.] 

This  statement  and  table  give  the  impression  that  all 
the  cases  included  since  1906  in  the  New  York  report 
were  cases  of  epidemic  meningitis,  and  that  in  all  the 
Flexner  serum  was  used.  As  a  matter  of  fact  the  serum 
was  not  in  general  use ;  but  on  account  of  the  small 
amounts  prepared  in  the  early  period  of  its  clinical 
application,  it  was  distributed  to  physicians  only  on 
request.  Of  the  cases  listed  by  the  health  department 
a  comparatively  small  number  received  this  specific 
treatment.  It  is  very  evident,  therefore,  that  no  opinion 
concerning  the  efficacy  of  the  serum  can  be  based  on 
the  figures  of  the  health  department.  The  average  mor- 
tality for  the  2,510  cases  in  1906-1909  as  given  by  the 
liealth  department  is  88.2  per  cent. ;  but  in  the  report 
(1909)  of  the  first  collection  of  712  casos^^  actually 
1  rented  with  serum  after  bacteriologic  examination,  the 
mortality  was  only  31.4  per  cent.,  and  in  the  recent 
report  of  1,291:  cases^^  occurring  in  all  parts  of  the 
world,  the  mortalitv  after  serum  treatment  was  30.0 
per  cent.  Moreover,  it  was  shown  that  when  the  serum 
was  given  on  the  first  to  the  third  days,  the  mortality 
was  only  18.1  per  cent.  The  value  of  the  specific  serum 
can  be  discussed  fairly  only  in  the  li^ht  of  the  later 
figures.  The  absurdity  of  the  Vivisection  Investigating 
League's  method  of  juggling  statistics  is  so  self-evi- 
dent that  one  wonders  it  should  be  attempted.  It  would 
be  as  fair  to  base  the  niurtaliiy  following  the  surgical 

10.  Flexnor.  Simon  :  The  I'rescnt  Status  of  the  Serum  Tlierapy 
of  Epidemic  Cerebrospinal  Meningitis,  The  Journal  A.  M.  A., 
Oct.   30,   11)09,   p.    1443. 

11.  Flexner,  Simon  :  The  Results  of  the  Serum  Treatment  in 
Thirteen  Hundred  Cases  of  Epidemic  Menini;itis,  .Tour.  Exper.  Me<l., 

3  913.    xvii.    nr)3. 
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treatment   of   appendicitis   on   the  total   deaths   from 
appendicitis. 

Many  other  statements  are  also  misleading,  as  that 
which  states  that  meningitis  "cannot  be  contagious,  as 
it  is  merely  a  possible  complication  of  other  diseases/^ 
That  certain  forms  of  meningitis  are  complications  of 
other  diseases  is  of  course  true,  but  by  making  the  state- 
ment the  pamphlet  implies  that  epidemic  menringitis 
due  to  a  specific  cause  does  not  exist.  But  more  mis- 
leading, in  view  of  the  remarks  on  the  lack  of  efficacy 
of  the  serum,  are  the  following : 

At  this  time  of  year  there  prevail  in  many  parts  of  Europe, 
as  of  America,  epidemics  of  eruptive  fevers  such  as  measles., 
scarlet  fever,  influenza,  etc.,  all  of  a  light  form. 

There  were,  therefore,  selected  from  among  these  cases  for 
experimental  purposes  those  which,  as  they  presented  certain 
meningeal  disturbances  as  well  as  the  usual  symptoms  of 
measles  or  of  scarlet  fever,  seemed  to  justify  the  title  of 
cerebrospinal  meningitis,  and  they  were  then  inoculated. 

To  those  who  have  used  the  serum  the  falsitv  of 
these  statements  is  at  once  evident  when  it  is  recalled 
that  the  serum  is  used  only  when  the  meningococcus  is 
found  by  lumbar  puncture,  and  that  when  other  organ- 
isms are  found  the  serum  is  not  used.  In  this  connec- 
tion may  be  presented  the  statement  of  Dr.  Dunn^^  of 
the  Children's  Hospital,  Boston: 

My  personal  experience  may  be  cited  to  illustrate  the  value, 
up  to  this  time,  of  the  general  health  reports  on  meningitis. 
Outside  my  regular  hospital  services,  I  have  been  called  on 
to  administer  the  antimeningitis  serum  in  142  consecutive 
cases  of  meningitis  which  were  believed  by  the  attending 
physicians  to  be  examples  of  the  epidemic  disease.  On  per- 
forming lumbar  puncture  and  making  bacteriologic  examina- 
tions, I  found  that  only  sixty  were  cases  of  epidemic  menin- 
gitis, while  sixty  more  were  cases  of  tuberculosis,  twelve  of 
pneumococcus,  six  of  streptococcus  and  four  of  influenzal 
meningitis.  Among  the  sixty  cases  of  epidemic  meningitis  in 
which  I  administered  the  serum,  there  were  forty-five  recov- 
eries, equaling  75  per  cent.,  \vhile  of  the  eighty-two  miscel- 
laneous cases  all  patients  died  but  one.  This  experience  is 
by.no  means  unique,  but  is  rather  the  rule.  Tt  is  quite 
certain  that  all  these  cases  would,  under  ordinary  conditions, 
have  been  reported,  assuming  meningitis  to  be  a  generally 
notifiable    disease,    as   epidemic    meningitis;    and   under   these 


12.  Dunn,  Charles  Hunter  :  Animal  Experimentation  in  Relation 
to  Epidemic  Cerebrospinal  Meningitis,  A.  M.  A.  Defense  of  Research 
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STUDY  OF  180  CASES  OF  MENINGITIS 


Clinical  Diagnoses  Reported 
by   Attending*  Physician 


Final   Diagnosis  Established   by 
Combined  Clinical  and  Lab- 
oratory   Examination 


Epidemic  meningitis,   71   cases 


Epidemic   meningitis    27 

Tuberculous    meningitis 17 

-Ac.  suppurative  meningitis 
due  to: 

Pneumococcus    4 

Streptococcus     7 

Streptococcus    m  u  c  o  s  u  s 

capsiilatus* 1 

Influenza    1 

Unidentified    Gram    coccus 

(no  growth)    1 

Enteritis     1 

Bronchopneumonia    2 

Cerebral  endarteritis    1 

Intestinal   intoxication    ....  2 

Delirium    tremens    1 

Gastro-intestinal  acidosis...  1 

Measles   1 

Simple  chro.  internal  hydro- 
cephalus       1 

No       meningitis       (undeter- 
mined  diagnosis)    20 

Epidemic   meningitis    8 

Tuberculous  meningitis 10 

Poliomyelitis  or  poliencepha- 

litis    13 

Enteritis     3 

Bronchopneumonia    11 

Ijobar  pneumonia   4 

Hysteria    2 

Purpura    hemorrhagica 1 

Intestinal    intoxication    ....  2 

Cerebrospinal  lues   1 

Fractured    skull    1 

Spastic  paraplegia    1 

Tuberculous  meningitis  ....  23 

Epidemic   meningitis    1 

Streptococcus   meningitis    . .  2 
Undetermined  diagnosis,  but 

no  tuberculous   meningitis  2 


Meningitis  unclassified,  74  cases 


Tuberculous  meningitis,  28  cases 


Poliomyelitis    or  polien cepha- 
litis,   7   cases 


Poliomyelitis  or  polioncepha- 

litis    G 

Epidemic   meningitis    1 


circumstances  and  in  spite  of  the  serum  treatment,  the  record3 
would  have  shown  a  mortality  of  67.6  per  cent.  Instead  of 
this  the  mortality  from  all  the  forms  together,  except  tlie 
epidemic,  should  properly  have  been  given  at  approximately 
100  per  cent.,  and  of  the  epidemic  disease  at  25  per  cent. 

Other  evidence  of  the  same  nature  is  at  liand  as  the 
result  of  a  special  investigation  by  the  New  York  City 
Department  of  Health.     July  1,  1910,  Drs,  Sophian, 
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DuBois  and  NeaP^  undertook  under  Dr.  Park's  direc- 
tion in  the  laboratory  of  the  city  department  of  health 
the  study  and  treatment  of  meningitis  in  connection 
with  the  preparation  and  standardization  of  antimenin- 
gitis  serum.  They  were  notified  whenever  a  case  was 
reported  and  communicated  at  once  with  the  physician 
in  charge,  usually  making  an  appointment  with  him  to 
see  the  case.  The  accompanying  table  shows  the  result 
of  their  study  of  180  cases. 

Of  the  first  group  clinically  considered  as  epidemic 
meningitis,  only  about  a  third,  and  of  the  second  group, 
classified  broadly  as  meningitis,  only  one-ninth  could 
have  received  the  slightest  benefit  from  the  specific 
serum.  In  the  third  and  fourth  groups  the  serum 
obviously  would  not  be  used.  Still  it  is  on  the  death- 
rate  in  the  total  number  of  cases  thus  variously  reported 
that,  without  regard  to  the  question  of  exact  diagnosis 
and  with  absolute  disregard  of  whether  or  not  the  spe- 
cific serum  was  used,  the  antivivisectionists  would  base 
their  claim  that  this  serum  is  of  no  value. 

Again,  in  contrast  with  the  ISTew  York  Society's  point 
of  view,  is  that  of  Dr.  Thomas  Morgan  Eotch^*  of  the 
Children's  Hospital,  Boston.  During  eight  years  Dr. 
Eotch  had  treated  meningitis  in  various  ways  with  a 
mortality  varying  from  60  to  80  per  cent.;  but  in  the 
first  year  (Nov.  1,  1907  to  Nov.  1,  1908)  after  he 
began  the  use  of  the  Elexner  serum  he  treated  74  cases, 
with  a  decrease  in  mortality  from  80  to  19  per  cent. 

In  view  of  such  results  the  average  person  of  humane 
instincts  wonders  whether  the  money  of  the  Vivisection 
Investigating  League  of  New  York  might  not  be  better 
spent  in  educating  the  public  concerning  the  life-saving 
power  of  such  treatment — and  indeed  in  financing  the 
manufacture  and  distribution  of  this  serum  so  that  it 
could  be  used  by  every  physician  in  the  earliest  stages 
of  epidemic  meningitis. 

CRITICISMS    OF    THE    USE    OF    TUBERCULIN 

Another  pamphlet  of  the  New  York  Antivivisection 
Society  with  the  heading  ^^Viviaectors  Clamor  for 
Human  Beings  to  Vivisect''  refers  to  the  work  of  Dr. 
L.  Emmett  Holt,  at  the  Babies'  Hospital,  New  York. 

18.  Sophian.  DuBoIs  and  Neal :  Studios  on  Meningitis  durinp: 
1011,  Collected  Studies  from  the  Research  Laboratory,  Dcpartmont 
of  Health.  City  of  New  York,  1911.  vi.  15. 

14.  Rotch.  Thomas  Morgan  :  Abstract  of  Discussion  on  artlcJfl 
by  FlexDcr,  Twe  Jovu^aj,  a.  M.  A-,  Oct,  SO,  1909,  p.  1444, 
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Sentences  arc  quoted  of  Holt's  study  of  the  various 
methods  of  applying  the  tuberculin  test  in  the  diagnosis 
of  tuberculosis.  It  is  diflBcult  to  see  how  these  valuable 
and  constantly  used  clinical  tests  can  be  used  to  support 
the  claim  of  human  vivisection.  Only  by  misrepresenta- 
tion and  by  misinterpretation  can  they  be  so  used.  Let 
me  quote  from  the  pamphlet  two  paragraphs,  referring 
to  Dr.  Holt^s  work. 

The  ophthalmic  test  was  made  615  times;  the  skin  test 
of  von  Pirquet  was  employed  217  times,  also  on  non-tubercu- 
lous and  dying  babies.  As  though  this  useless  and  cruel 
torture  of  ailing  children  was  not  sufficient,  the  puncture 
reaction  was  practiced  on  130  cases,  the  result  of  which  was 
to  produce  a  high  fever. 

Altogether  there  were  over  1,000  tests  made  on  hundreds 
of  little,  helpless  children,  who  may  suffer  from  these  injec- 
tions during  their  entire  lives,  yet  Dr.  Holt  is  forced  to  this 
humiliating  admission:  "It  will  be  seen  that  some  failures 
and  some  unexplained  reactions  occurred  with  all  of  the 
tests.  The  results  with  any  test  cannot,  therefore,  be  regarded 
as   conclusive." 

By  writing  into  the  text  what  they  wish  to  prove  they 
imply  that  these  tests  are  fraught  with  danger  and  that 
the  results  of  sut;h  clinical  studies  are  of  no  value. 

An  examination  of  Dr.  Holt's  paper^**  shows  that  he 
does  say  that  ^^the  results  with  any  test  cannot,  there- 
fore, be  regarded  as  conclusive/'  but  the  rest. of  the 
sentence,  not  quoted  in  the  antivivisectionist  pamphlet 
goes  on  "though  a  positive  reaction  creates  a  very  strong 
possibility  that  tuberculosis  is  present.  This  is  increased 
if  the  result  is  confirmed  by  other  tests."  In  another 
place  Holt  says,  ^^Wliile  of  the  greatest  assistance  in 
diagnosis,  the  various  tests  are  always  to  be  taken  in 
connection  with  the  general  symptom  and  the  physical 
signs,''  and  again,  "Routine  tests  proved  of  considerable 
value  in  revealing  cases  of  tuberculosis  not  hitherto 
suspected."  Referring  to  the  eye  test.  Dr.  Holt  says, 
"  .  .  .  in  no  case  was  the  test  followed  by  anv 
unpleasant  results." 

Another  paper  on  the  use  of  tuberculin,  that  by  Drs. 
Hamill,  Carpenter  and  Cope,^®  has  likewise  been  used 

15.  Hol^,  L.  Emmott :  A  Report  on  Ono  Thousand  Tuberculin 
T(-sls  in  Yonnp  Children,  Arch.  Pediat.,   1909.  xxvi.   1. 

IG.  Hamill.  S.  M. :  Carpenter.  II.  C,  and  Cope,  T.  A. :  A  Com- 
parison of  the  von  Pirquet.  Calmetto  and  Moro  Tuberculin  Tests 
and  Their  Diagnostic  Value.  Arch.  Int.  Med.,  December,  1908,  p. 
405. 
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freely  by  the  various  antivivisection  societies.  Refer- 
ences to  it  appear  in  three  of  the  pamphlets  of  the 
American  and  in  two  of  the  ISTew  York  Antivivisection 
Society.  In  two  of  the  pamphlets  of  the  former  society 
colored  pictures  of  the  eye  showing  the  reaction  are 
presented.  Two  of  these  pamphlets  have  the  title 
"Human  Vivisection,"  the  third,  "Vivisectors  Clamor 
for  Human  Beings  to  Vivisect,"  the  fourth,  "Tuber- 
culin Tests  on  Human  Beings,"  and  the  fifth  has  the 
full  title  of  the  paper  by  Hamill,  Carpenter  and  Cope. 
In  one  pamphlet  occurs  the  subheading  "Experiments 
on  Babies  and  Little  Children"  and  in  another,  "Some 
Recent  Instances  of  this  Deadly  Work  on  a  Large  Scale 
Follows." 

As  so  much  attention  has  been  given  by  the  antivivi- 
sectionists  to  the  tuberculin  reaction,  I  wish  to  go  into 
detail  concerning  the  observations  of  Hamill  and  his 
associates,  and  for  the  benefit  of  non-medical  readers 
to  explain  the  diagnostic  procedure  known  as  the  tuber- 
culin test.  This  depends  on  the  principle  that  if  a 
fluid  in  which  tubercle  bacilli  have  grown,  and  which 
therefore  contains  the  chemical  products  of  their  growth, 
is  injected  into  an  animal  or  person  suffering  from 
tuberculosis,  a  transient  increase  of  temperature  occurs 
and  constitutes  the  chief  sign  of  a  positive  reaction;  if 
no  tuberculosis  exists^  no  reaction  occurs.  The  method 
is  therefore  of  great  value  as  a  diagnostic  test  in  obscure 
or  doubtful  cases  of  tuberculosis.  Xot  only  is  it  used 
in  recognizing  tuberculosis  in. man,  but  it  is  the  con- 
stantly and  generaly  recognized  procedure  in  determin- 
ing the  presence  of  tuberculosis  in  cattle. 

The  fluid  injected  is  called  tuberculin,  and  as  it  is 
sterilized  it  contains  no  living  bacteria  and  cannot  cause 
tuberculosis.  When  the  test  was  first  used,  the  tuber- 
culin was  injected  beneath  the  skin  with  the  aid  of  a 
hypodermic  syringe,  and  the  chief  reaction  which  this 
method  gives,  is,  as  I  have  stated,  an  increase  in  tem- 
perature. Later  it  was  found  that  if  the  diluted  tuber- 
culin was  placed  on  the  surface  of  the  eye,  there  fol- 
lowed in  tuberculous  persons  a  reddening  or  congestion 
of  the  eye,  which  niisrht  go  on  to  the  stage  of  mild  con- 
junctivitis ("pink  eye").  This  is  known  as  the  Cal- 
mette  reaction.  Still  later  it  was  discovered  that  if  the 
skin  was  scraped,  as  in  vaccination  against  small-pox, 
and  the  tuberculin  applied  over  such  an  area,  a  local 
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reddening — the  von  Pirquet  reaction — could  be 
obtained.  There  has  never  been  anv  doubt  about  the 
value  of  the  tuberculin  reaction.  It  is  one  of  the  most 
valuable  adjuvants  in  the  diagnosis  of  doubtful  tuber- 
culosis. When,  however,  about  six  or  seven  years  ago, 
the  medical  profession  had  its  choice  of  three  methods 
of  applying  the  test,  it  was  most  important  to  find  out 
which  (1)  gave  the  most  constant  results,  (2)  was  the 
simplest  to  apply,  and  (3)  was  accompanied  by  the 
fewest  disagreeable  complications;  to  determine  these 
points  and  to  establish  the  best  method  of  procedure 
was  the  object  of  several  clinical  investigators.^'^  The 
work  of  Dr.  Hamill  and  his  associates  constituted  one 
of  the  earliest  of  these  investigations  in  this  country. 
Now  let  us  see  how  this  work  has  been  misrepresented. 
We  find  the  statement  ^"inoculations  of  tuberculin  into 
children  .  .  .  many  of  the  injections  being  made 
into  the  eye.^^  The  word  ^^injectit)n"  suggests  the  pro- 
pulsion of  a  fluid  through  a  syringe  with  sufficient  force 
to  cause  it  to  enter  a  tissue  or  cavity.  In  the  test  under 
consideration  the  fluid  is  allowed  to  drop  on  the  surface 
of  the  eye  from  the  ordinary  medicine-  or  eye-dropper. 
As  used,  the  above-quoted  phrase  implies  that  the  tuber- 
culin was  introduced  into  the  substance  of  the  eye  and 
not,  as  has  been  explained,  dropped  on  the  surface  of 
the  eye  or  inner  side  of  the  eyelid. 

Another  statement  is,  "More  than  half  the  cases 
reacted  (which  means  they  were  infected  with  tubercu- 
losis in  a  modified  form)  .  .  .^^  The  words  in 
parenthesis  have  no  basis  in  fact.  Tuberculin,  in  that 
it  contains  no  living  bacteria,  cannot  cause  infection, 
and  the  reaction  which  it  causes  is  not  "tuberculosis 
in  a  modified  form.^'  The  presence  of  the  reaction 
merely  shows  that  in  the  individual  tested  tuberculosis 
exists.  Lack  of  knowledge  of  the  principles  of  bacte- 
riology and  immunity  may  have  led  the  writer  of  the 

17.  studies  for  this  purpose,  other  than  those  of  Holt  and  of 
Hamlll,  Carpenter  and  Cope,  that  have  been  quoted  at  length  by 
the  antivlvisectionists  are  Hamman,  L.  and  Wolman.  S. :  The 
Cutaneous  and  Conjunctival  Tuberculin  Tests  In  the  Piagnosis  of 
Pulmonary  Tuberculosis,  Arch.  Int.  Med.,  May,  1909,  p.  307. 
Taussig,  A.  E. :  The  New  Conjunctival  Test  for  Tuberculosis,  Inter- 
state Med.  Jour.,  1908,  531.  Fisch,  C. :  The  Present  Status  of 
Ophthalmic  Diagnosis  of  I'uberculosis,  Interstate  Med.  Jour..  1908. 
533.  Many  others  are  quoted  more  briefly.  Practically  all  these 
point  out  the  occasional  danger  of  the  eye-test  and  thus  support  the 
work  of  Hamill  and  his  coworkers,  who  were  among  the  first  to 
sound  a  note  of  caution.  In  this  way  the  antivivisectionist  litertt' 
turc  unconsciously  offers  a  justification  for  Haro  Ill's  studlffs* 
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pamphlet  to  use  this  misleading  phrase,  but  as  the  reac- 
tion is  clearly  explained  in  the  original  paper,  it  appears 
rather  as  a  deliberate  and  malicious  introduction  of 
false  matter.  In  these  various  pamphlets  it  is  implied 
that  the  investigation  was  entered  on  recklessly  and 
without  thought  of  the  consequences.  In  this  connec- 
tion a  statement  of  Dr.  HamilP®  is  of  interest : 

Before  undertaking  the  work,  I  went  over  the  available 
literature  and  conferred  with  Dr.  to  see  what  infor- 
mation I  could  get  concerning  the  tests.    I  knew  that  

had  applied  the  conjunctival  test  to  some  sixty  cases,  and  I 
wanted  to  know  whether  he  would  advise  against  my  under- 
taking the  application  of  that  test  to  the  children  in  St. 
Vincent's  Home.  After  warning  me  against  applying  it  to 
inflamed  eyes  or  in  the  cases  of  children  with  histories  of 
previous  eye  trouble,  he  told  me  that  he  thought  there  was 
no  reason  why  I  should  not  proceed.  I  found  nothing  in  the 
literature  at  that  time  that  made  me  feel  that  there  was 
any   impropriety  in   undertaking  the   work. 

This  statement  indicates  that  the  investigation  was 
hot  entered  into  hurriedly  or  without  expert  advice. 

In  some  of  these  pamphlets  it  is  implied  that  blind- 
ness resulted  in  some  of  the  cases.  For  this  there  is 
no  justification  in  the  paper,  for  although  the  investi- 
gators state  in  describing  the  complications  that  these 
^^may  permanently  affect  the  vision  and  even  lead  to  its 
complete  destruction,'*  there  is  no  evidence  that  the 
latter  condition  resulted.  The  statement  quoted  was 
made  for  the  purpose  of  emphatically  warning  phy- 
sicians against  some  of  the  dangers  of  the  test.  As  a 
matter  of  fact,  all  the  eyes  cleared  up  except  one  in  a 
patient  in  which  a  defect  of  vision  of  one  eye  persisted 
on  account  of  a  small  corneal  scar;  in  no  instance  did 
blindness  result. 

Although  I  have  been  unable  to  find  in  any  of  these 
pamphlets  a  statement  that  these  investigations  were 
made  without  the  consent  of  those  in  charge  of  the 
home,  some  of  the  accounts  refer  to  the  children  as 
''foundlings,  orphans  and  destitute  children,''  thus 
impljdng  that  they  were  used  without  authority.  On 
this  point  the  following  statement  of  Dr.  HamilP^  is 
of  interest: 


16,  Personal  letter. 
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I  went  with  Dr. to  Sister  Marie,  the  Sister  Superior 

of  St.  Vincent's  Home,  and  we  together  explained  to  her 
that  we  wished  to  apply  these  tests  for  the  double  purpose 
of  determining  the  incidence  of  tuberculosis  among  the  cases 
in  St.  Vincent's  Home  and  among  those  being  admitted  to 
the  home,  and  at  the  same  time  to  make  a  comparative  study 
of  the  different  tests.  We  were  granted  permission  without 
any  hesitation,  and  the  work  was  conducted  throughout  my 
term  of  service  without  the  slightest  comment  on  the  part 
of  any  one.  But  it  was  applied  only  to  children  in  the 
home  at  that  time.  When  I  returned  from  mv  vacation  in 
the  autumn  I  prepared  to  apply  the  tests  to  children  who 
were  being  admitted   to   the   home,  but   gave   this   up  after 

hearing  from  Dr.  that  there  had  been  some  criticism 

on  the  part  of  the  Sisters  of  the  work  which  had  been  done. 

Again,  in  referring  to  an  attack  made  on  him  by  the 
New  York  Herald,  Dr.  Hamill  continues : 

An   interesting   sequel   to  the  attack  was  that  Dr.  

and  I  were  called  to  the  home  some  months  after  these 
publications  appeared,  to  be  introduced  to  the  present  Sister 
Superior,  who  told  us  that  she  had  sent  for  me  for  the  specific 
purpose  of  telling  me  how  deeply  she  appreciated  what  I 
had  done  for  the  home;  how  intensely  she  regretted  the 
experiences  I  had  while  connected  with  the  home  arid  to 
assure  me  that  nothing  would  give  her  more  gratification 
than  to  have  me  reinstated  in  the  institution  if  opportunity 
arose.  She  informed  me  that  she  had  carefully  read  the 
article  which  I  had  published,  and  had  seen  nothing  in  it 
to   criticize. 

In  view  of  these  criticisms  of  the  use  of  tuberculin 
by  Dr.  Holt,  Dr.  Hamill  and  others,  it  is  of  interest  to 
note  that  its  value  as  a  diagnostic  test  has  been  con- 
firmed by  federal,  state  and  municipal  health  authori- 
ties, and  that  it  has  become  one  of  the  most  important 
of  modern  procedures  in  medical  diasrnosis.  As  to  the 
best  method  of  application  there  is  still  some  difference 
of  opinion,  but  the  ^^eye"  test  has  a  larsre  group  of  sup- 
porters. Within  the  last  few  months  Dr.  J.  Gutman^® 
of  Brooklyn  has  stated  that  the  test  is  safe,  very  reliable, 
and  absolutely  without  danger,  and  serves  the  purnose  as 
well  as,  if  not  better  than,  the  skin  reactions.  He  cau- 
tions against  its  use  when  any  eye-trouble  is  present, 
but  adds  that  he  does  not  know  of  a  single  case  in  whieli 
the  test  has  proved  dangerous. 

19.  Gutman,    .T.  :    Arch.    Diagnosis,    1913,   vi.   No.   4. 
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DISTORTED  VIEW  OF  A  CLINICAL  TEST 

The  same  pamphlet  contains  also  an  account  of 
Noguchf s^®  clinical  investigation  of  his  luetin  test  for 
syphilis,  which  ends  with  the  statement : 

To  the  shame  of  the  profession  it  must  be  added  that 
physicians  connected  with  twenty-two  hospitals  in  New  York 
City  and  vicinity  contributed  their  patients  to  Noguchi  for 
these  merciless  and  unscrupulous  experiments. 

This  base  betrayal,  on  the  part  of  hospital  physicians,  of  a 
sacred  trust  would  be  impossible  to  any  one  other  than  the 
vivisector  and  his  upholders. 

Here  again  it  is  difficult  to  understand  how  a  well- 
recognized  clinical  test  which  aids  in  the  diagnosis  of 
obscure  cases  of  syphilis  and  which  causes  no  reaction 
in  the  non-syphilitic  can  be  used  as  an  example  of 
human  vivisection. 

Luetin  is  prepared  from  the  micro-organism — 
Spirochaeta  pallida — ^which  causes  syphilis.  A  suspen- 
sion of  this  organism  is  so  treated  as  to  cause  disinte- 
gration of  the  parasite.  The  material  is  then  heated 
so  as  to  ensure  the  death  of  all  liviner  material  in  the 
fluid.  Phenol  (carbolic  acid)  is  added  to  prevent  con- 
tamination, and  the  fluid  —  a  sterile  mixture  —  is 
injected  into  the  skin,  much  in  the  manner  employed 
in  the  tuberculin  test.  It  is  entirely  devoid  of  living 
micro-organisms,  as  was  shown  by  Noguchi,  first  on 
rabbits  and  monkeys,  and  later  by  applying  it  to  his 
own  skin  and  the  skin  of  several  physicians  who  volun- 
teered for  that  purpose.  The  reaction  in  the  syphilitic 
is  a  slight  erythema  (or  reddening)  which  may  become 
papular,  or  occasionally  pustular;  in  the  non-syphilitic, 
no  reaction  occurs  and  the  procedure  in  such  has  no 
more  effect  than  the  injection  of  distilled  water  would 
have. 

It  has  been  pointed  out  repeatedly  by  Dr.  Flexner 
and  others  that  ^^the  application  of  this  test  could  by 
no  possibility  give  syphilis  to  the  patient,  and,  on  the 
other  hand,  the  test  has  now  been  used  in  hundreds  of 
cases  all  over  the  world  and  has  proved  itself  to  be  of 
the  greatest  value  in  diagnoriing,  and  consequently  in 
treating  cases  of  a  dangerous  and  obscure  type. 
Despite   such    explanations    the    misrepresentation    of 

20.  NognchI,  H. :  A  Cytaneous  Reaction  in  SyphiUs.  Jour.  Exper. 
Med.,  1911,  xiv,  557:  Exporlmpiital  RoRparcli  in  SyphiUs,  Tiiw 
Journal  A.  M.  A.,  April  20.  1012,  p.  1104. 
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every-day  procedures  in  medicine  is  continued^^  by 
these  societies  in  the  effort  to  support  a  propaganda 
of  cruelty  and  ignorance. 

Of  new  societies  there  is  no  end,  but  the  presence 
in  the  community  of  individuals  who  will  publish  state- 
ments such  as  I  have  quoted  suggests  the  need  of  a 
^^Society  for  the  Abatement  of  Preventable  Ignorance/' 

OBSERVATIONS    IN     CEREBRAL    LOCALIZATION 

Another  pamphlet  entitled  ^^Human  Vivisection^'  put 
out  by  the  American  Antivivisection  Society  quotes 
several  Americans  concerning  experimentation  on  ani- 
mals in  its  relation  to  man,  but  gives  no  American 
observations  except  the  Boston  cases  of  lumbar  punc- 
ture, which  I  have  already  discussed,  and  the  study 
made  in  Cincimiati,  in  1874,  on  cerebral  localization. 
The  latter  is  described  as  "one  of  the  most  horrible 
cases  of  human  vivisection  in  this  country,  and  one, 
too,  which  was  terminated  by  the  death  of  the  victim." 
These  observations  were  published  under  the  title 
"Experimental  Investigations  into  the  Functions  of  the 
Human  Brain."^^  A  patient  with  a  loss  of  a  portion  of 
the  bony  skull  was  the  subject  of  a  study  of  the  reac- 
tions following  the  insertion  into  the  brain  of  insulated 
needle  electrodes.  The  Antivivisection  Society's 
report  states  that  "an  eroding  ulcer  had  appeared  which 
gradually  laid  bare  the  brain  substance."  It  does  not 
state,  however,  that  this  eroding  ulcer  was  cancer 
(epithelioma)  of  thirteen  months'  duration,  that  from 
the  excavation  pus  exuded,  indicating  a  general  sup- 
purative inflammation  of  the  dura,  and  possibly,  also, 
of  the  finer  meninges  and  the  brain,  and  that  at 
necropsy  a  thrombosis  of  the  superior  llongitudinal 
sinus  was  found.  It  is  distinctly  stated  in  the  original 
that  "as  portions  of  brain  substance  have  been  lost 
by  injury  or  by  the  surgeon's  knife,  and  the  brain  has 
been  deeply  penetrated  by  incisions  made  for  the  escape 
of  pus,  it  was  supposed  that  fine  needles  could  be  intro- 
duced without  material  injury  to  the  cerebral  matter." 
There  is  no  statement  concerning  the  consent  of  the 
patient,  but  on  the  other  hand  there  is  no  evidence  that 

21.  In  connection  with  the  luetin  test,  quotations  are  made  also 
from  articles  by  R.  R.  H.  Gradwohl  :  Med.  Rec,  New  York.  1912, 
Ixxxi.  973;  .T.  M.  Wolfsohu :  Bull.  Johns  Hopkins  Hosp.,  1912,  xxlil, 
i'2.S.   and   M.   Cohen,   Arch.   Ophth..   1012.   xli,   S. 
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she  objected  Oi*  Was  coerced  or  intimidated  in  toy  WflJ'i 
In  this  connection,  it  is  of  interest  that  in  the  account 
of  Observation  3  (testing  of  the  posterior  lobes)  occurs 
the  comment,  ^^iSTotwithstanding  the  very  evident  pain 
from  which  she  suffered,  she  smiled  as  if  much 
amused/^  As  the  brain  is  an  insensitive  organ,  the  pain 
mentioned  could  not  have  been  felt  in  it  as  the  result 
of  introducing  needle  electrodes;  whatever  pain  was 
experienced  must  have  been  due  to  the  peripheral  effect 
of  the  stimulation.  That  ^^she  smiled  as  if  amused^' 
shows  that  she  did  not  object,  that  the  pain  was  not 
severe  and  that  no  harm  was  done  to  her. 

It  is  difficult,  in  view  of  the  incomplete  account,  to 
pass  judgment  on  this  experience.  The  case  was  hope- 
less from  the  point  of  view  of  treatment — an  extensive 
growth  of  cancer,  a  left-sided  meningitis,  with  sup- 
purating sinuses  of  the  brain  substance,  indicated  an 
early  fatal  termination. 

If  the  patient  under  these  circumstances  consented 
to  the  observations  described,  it  would  appear  to  be  a 
matter  between  herself  and  the  physician  making  the 
observations.  The  symptoms  which  were  present  dur- 
ing the  three  days  following  the  last  (fourth)  observa- 
tion would  appear  to  be  due  to  the  spontaneous  lesions 
in  the  brain  and  not  to  the  experimental  procedure. 
This   opinion  is  confirmed  by  the  necropsy  findings. 

It  is  not  an  uncommon  procedure  in  neurologic 
surgery  to  stimulate  after  operation,  in  conscious 
patients,  certain  areas  of  the  brain.  This  procedure  is 
a  familiar  one  to  all  neurologists  and  it  is  therefore  dif- 
ficult to  understand  why  so  much  has  been  made  of 
these  early  observations  in  Cincinnati. 

VAGARIES  TAKEN  SERIOUSLY 

Another  leaflet  of  the  American  Antivivisection  Soci- 
ety contains  the  following : 

I  made  the  experiments  on  seventeen  people  between  the 
ages  of  15  and  30  years,  but  in  no  instance  could  a  case  of 
consumption,  scarlet  fever  or  small -pox  be  produced.  These 
experiments  were  made  in  the  following  manner:  I  sprayed 
the  poisons  of  diphtheria,  small-pox,  scarlet  fever  or  con- 
sumption into  the  throat  or  nose  or  had  them  breathe  them 
into  the  lungs,  repeating  the  experiment  in  most  cases  every 
one  or  two  weeks  for  months,  with  the  result  that  no  disease 
could  be  developed.  Of  course,  I  could  not  let  the  patients 
know  what  I  was  doing.  I  was  supposed  to  be  treating  them 
for  catarrh  of  the  nose  er  throat. 
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This  statement  is  credited  to  Life,  the  New  York 
Herald  and  the  Medical  Brief  (April,  1906). 

I  have  examined  the  original  article^^  in  the  Medical 
Brief  and  find  that  the  quotation  is  correct;  but  the 
paper  in  question  is  obviously  written  by  a  crank  and 
it  is  not  one  from  which  a  wise  man  would  quote, 
though  Life  might  have  quoted  more  freely  to  the 
great  amusement  of  its  readers.  For  example,  in  the 
fourth  chapter  of  this  little  effusion  of  four  and  a  half 
pages,  the  writer  pays  his  respects  to  the  Darwinian 
theory  in  the  following  words : 

I  will  explain  one  of  these  wonders  in  natural  phenomena 
that  is  a  stunner: 

Take  the  human  seed  germs  (spermatozoa),  put  them  upon 
a  plate,  first  spreading  some  alkaline  nourishing  substance 
upon  the  plate;  for  instance,  a  little  soap,  place  the  plate  in 
a  room  of  proper  temperature,  and  in  sixteen  to  twenty-four 
hours,  swarms  of  ants  will  be  running  about.  In  other  words, 
these  living  human  germs  placed  under  this  different  con- 
dition other  than  the  mother  soil,  developed  into  ants.  These 
little  fellows  can  be  watched  and  be  seen  to  gradually  develop, 
and  start  off  on  the  run. 

In  Chapter  II,  this  pseudoscientist  thus  disposes  of 
the  physiology  of  the  circulation: 

These  experiments  positively  refute  the  assumption  made  by 
physiologists  that  the  heart  and  muscular  contraction  of  the 
arteries  cause  the  blood  to  circulate  in  the  body.  They  also 
prove  that  the  circulation  of  the  blood  is  governed  by  this 
law  of  attraction  affinity,  electricity,  or  call  it  what  you  will. 

It  is  from  Chapter  III,  entitled  "]^o  Impurities, 
Poisons  or  Germs  can  be  taken  into  the  Blood  or  System 
from  Our  Surroundings,^^  that  Life,  the  Herald  and 
others  have  quoted.  Immediately  following  the  para- 
graph they  quote,  is  the  following  explanation: 

I  want  here  to  call  attention  to  the  fact  that  I  did  not 
make  cultures  of  these  poisons  and  germs,  which  is  now  con- 
sidered so  scientific,  but  in  reality  is  unscientific  and  mis- 
leading. I  used  the  genuine  stuff,  directly  from  the  patients, 
sometimes  carrying  quantities  of  small-pox  and  scarlet-fever 
scales  in  my  pocket  for  months. 

That  this  individual  actually  lived  in  this  twentieth 
century  and  said  he  did  many  of  the  things  he  describes 

23.  Rodermimd,  M.  .T. :  Medical  Wonders  and  Medical  Blunders 
—  a   Story    of  Facts.    Mod.    Brief,    lOOG,   xxxiv,    279. 
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is  undoubted] V  true,  for  it  is  known  that  he  went  to 
one  of  our  larger  mid- Western  cities  and  asserted  that 
he  had  smeared  himself  with  small-pox  pus.  Although 
he  might  have  been  held,  through  a  liberal  interpreta- 
tion of  the  law,  on  the  charge  of  carrying  concealed 
deadly  weapons,  he  was  instead  sent  to  the  isolation 
hospital,  where  he  and  his  clothes  were  disinfected  and 
where  he  was  kept  isolated  for  a  period  of  two  weeks. 
His  books  ("As  It  Is"  and  "Fads  in  the  Practice 
of  Medicine")  show  this  individual  to  be  without 
medical  training  in  the  modern  sense.  One  of  his 
letters  to  the  commissioner  of  health  of  Milwaukee,  as 
quoted  by  Dr.  Forbes,^*  is  illuminating  as  to  his  stand- 
ing with  medical  editors.    He  writes : 

I  will  admit  that  the  Medical  Journal  would  be  the  proper 
place  for  the  discussion  of  these  subjects,  but  I  wish  to 
inform  you  that  for  nearly  six  years  that  privillege  has  been 
denied  me  by  nearly  forty  publications  in  the  United  States. 

Some  idea  of  his  success  as  a  practitioner  may  be 
gained  from  the  fact  that  in  a  period  of  eight  or  nine 
years  he  tried  to  earn  a  living  in  four  or  five  different 
places.^^'^  It  is  said  that  it  was  on  account  of  his  lack  of 
practice  and  therefore  his  inability  to  do  harm  that 
he  was  not  prosecuted  for  malpractice. 

I  have  gone  into  this  account  somewhat  in  detail  in 
order  to  show  the  non-science  and  indeed  the  utter  non- 
sense which  the  antivivisectionists  utilize  in  their 
attempt  to  oppose  the  progress  of  modern  medicine. 
The  individual  under  consideration  may  have  attempted 
to  introduce  the  materials  he  mentions  into  the  respira- 
tory passages  of  his  patients,  but  to  quote  the  acts  of 
such  a  person,  of  unscientific  training  and  apparently 
of  unsound  mind,  as  representative  of  the  general 
practitioner,  is  as  outrageous  as  were  the  stated  inocu- 
lations. 

WORKS   OF   KNOTVLES   AND   HALES 

Another  account  in  a  pamphlet  of  the  American 
Antivivisection  Society  is  that  which  refers  to  Dr. 
•Knowles^  observation  on  molluscum  contagiosum.^^  In 
the  course  of  an  epidemic  of  this  disease  at  St.  Vin- 
cent's  Home    (Philadelphia)    during   the   year   1908, 

24.  See  letter  of  Alexander  Forbes,   Ldfe,  May  26,  1910. 

25.  Personal  letter   from  a   Milwaukee  physician. 

26.  Knowles,  F.  C. :  Molluscum  Contaglosum,  Report  of  an  Insti- 
tutional Epidemic  of  Fifty-Nine  Cases,  The  Journal  A.  M.  A., 
Aug.  28,  1009.  p.  671. 
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fifty-Dine  children  were  affected.  In  the  hope  of 
obtaining  some  knowledge  concerning  the  causation  and 
development  of  the  disease,  facts  essential  to  its  radical 
control,  attempts  were  made  to  reproduce  the  disease 
in  two  children  by  rubbing  the  contents  of  the  local 
lesion  on  an  abraded  surface.  Molluscum  contagiosum 
is  a  simple  local  condition  in  no  way  serious  in  its 
manifestations  or  consequences.  Several  physicians, 
among  others,  Betzius  and  Haab,  have  reproduced  the 
disease  on  their  own  bodies.  That  Dr.  Knowles  should 
desire  to  repeat  these  experiments  is,  under  the  circum- 
stances, hardly  a  matter  for  severe  criticism. 

The  pamphlet  of  the  British  Union  (^^Experiments 
on  Human  Beings,^^  by  E.  E.  Dudgeon,  M.D.)  contains 
no  reference  to  American  and  indeed  none  to  English 
hospitals  or  physicians.  Lawson  Tait  is  quoted,  and 
reference  is  made  to  Rev.  Stephen  Hales  as  *^the  orig- 
inator of  the  modem  practice  of  virisection" ;  and  it  is 
recalled  that  this  cleroryman  published  a  work  on 
^^Hemostatics,"  based  on  his  observations  on  blood- 
pressure  in  the  horse  and  other  large  animals.  The 
fact  is  ignored  that  to-day  every  physician  who  prac- 
tices accuracy  of  observation  uses  instruments  which 
in  their  development  go  back  to  Hales'  observations. 
It  is  cited  that  on  the  basis  of  these  observations  Hale? 
obtained  the  approbation  of  the  Royal  Society,  and 
that  the  societ}^  published  his  observations  and  made 
him  one  of  its  fellows.  The  account  concludes.  ^^His 
experiments  have  been  utterly  valueless  as  far  as  the 
health  or  life  of  human  beings  is  concerned.^^  It  is 
of  course  possible  that  apparatus  for  taking  blood- 
pressure  would  have  been  developed  in  any  case,  but  it 
cannot  be  denied  that  Hales'  experiments  initiated  and 
hastened  this  development. 

VAGARIES  OF  BODERMUND  AGAIN 

It  is  of  interest  that  the  "Society  for  the  Prevention 
of  Abuse  in  Animal  Experimentation/'  although  it 
states  in  its  "platform"  that  it  regards  "the  abolition 
of  vivisection  as  disastrous  to  legitimate  scientific 
research,"-'  makes  use  of  the  same  unfair  and  mis- 
leading methods  as  do  the  antivivisectionists  who 
demand  total  abolition.  It  repeats  Life's  quotation 
about  the  spraying  of  the  poison  of  scarlet  fever,  diph- 

27.  Pamphlet  of  the  society. 
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iheria  and  small-pox  into  the  throats  of  patients,  as  do 
the  American,  New  York  and  other  antivivisection 
societies,  without  regard  to  the  other  absurd  statements 
elsewhere  in  Eodermund^s  paper,  which,  if  mentioned, 
would  nullify,  as  they  must  realize,  the  importance 
of  the  part  actually  quoted.  Their  plea,^^  *^We,  the 
friends  of  vivisection,  who  desire  to  see  it  placed  in 
the  keeping  of  the  most  competent  men,  who  are  deter- 
mined to  take  it  altogether  out  of  the  hands  of  charla- 
tans and  tyros,  have  a  right  to  ask  a  reconsideration 
on  the  part  of  the  medical  profession,^'  is  hardly  con- 
vincing in  view  of  the  fact  that  they  quote  in  support 
of  their  position  a  man  discredited  by  the  medical 
profession  itself.  This  society,  like  the  franklv  anti- 
vivisection  societies,  makes  much  of  what  it  considers 
to  be  experimentation  on  patients  in  hospitals.  In  a 
circular  letter,  under  date  of  Jan.  2,  1914,  over  tho 
names  of  the  president  (J.  B.  Y.  Warner "i  and  treas- 
urer (Frederick  P.  Bellamy),  it  is  stated,  in  referring:: 
to  a  new  method  of  diagnosis,  that  "this  is  the  natural 
sequence  of  unlimited  animal  experimentation.  Everj/ 
physician  in  large  practice  Tcnows  this  to  he  the  fact." 
[Italics  in  original.] 

In  this  connection,  we  have  the  opinion  of  one  of 
the  most  prominent  of  European  physicians,  Dr.  Joseph 
Bastianelli  of  Eome.  After  a  prolonged  visit  to  this 
country,  devoted  to  a  study  of  the  methods  of  teaching 
and  investigation  in  our  hospitals,  Dr.  Bastianelli  gra- 
tuitously offers  the  following: 

Concerning  the  American  hospitals,  I  am  bound  to  say  that 
every  phase  of  the  process  of  receiving  and  treating  of  a 
patient  is  characterized  by  strong  sentiment  and  human  sym- 
pathy. Patients  are  held  as  sacred.  Everything  is  done  to 
help  them,  regardless  of  creed  and  nationality.  The  hos- 
pitals are  the  best  in  the  world,  for  rich  and  poor  alike  are 
cordially  welcomed. 

//.  COOPERATION  OF  THE  ANTIVIVI8ECTI0NI8T8 
WITH  THE  ANTIMEDICAL  MOVEMENT 

This  brings  us  to  one  very  significant  fact  in  con- 
nection with  the  recent  exhibit  in  Philadelphia — evi- 
dence of  the  apparent  cooperation  of  the  antivivisec- 
tionist  forces  with  an  organization  having  for  its  object 
opposition  to  the  federal  control  of  matters  of  public 

28.  Prom  a  pamphlet  over  the  signature,  "James  11.  Ecob"  put 
out  by  the  society. 
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health.  Among  other  literature  on  the  tables  at  the 
exhibit  (Nov.  29  and  Dec.  13,  1913)  of  the  American 
Antivivisection  Society  were  the  publications  {Medical 
Freedom,  i,  No.  2,  and  ii,  Nos.  8  and  10)  of  the  National 
League  for  Medical  Freedom.  These  state  that  the 
object  of  the  league  is  to  '^protect  the  people  in  one  of 
their  most  sacred  rights,  the  right  of  every  man  to  select 
the  practitioner  of  his  choice  in  the  hour  of  sickness" ; 
but  its  real  object,  as  is  evident  elsewhere  in  its  pages, 
is  to  oppose  the  control  by  the  federal  government  of 
matters  of  public  health. 

This  is  particularly  emphasized  in  a  pamphlet  bear- 
ing the  card  of  the  National  League  for  Medical  Free- 
dom, entitled  '^Evils  of  a  Health  Bureau,"  which 
attacks  the  American  Medical  Association  and  Senator 
Owen^s  bill  to  establish  a  national  health  board. 

That  there  may  be  no  doubt  concerning  the  policy 
of  the  National  League  for  Medical  Freedom,  let  me 
quote  from  a  leading  article^^  by  a  director  (William 
A.  Davis)  of  the  league.     He  says: 

The  greatest  menace  to  the  freedom  of  the  people  of  the 
United  States  to-day  is  the  activity  of  that  portion  of  the 
medical  profession  which  is  attempting  to  establish  a  national 
Department  of  Health,  with  its  chief  executive  ofl&cer  a  mem- 
ber of  the  President's  cabinet,  under  the  specious  pl^a  of 
advancing  the  "public  health."  .  .  .  Its  members  are 
asking  to  establish  a  medical  monopoly  whose  bands  of  iron 
have  not  been  equaled  since  the  dark  ages. 

In  another  number^^  Dr.  Samuel  G.  Dixon,  the  head 
of  the  health  department  of 'the  State  of  Pennsylvania, 
because  he  stated  in  an  address  that  "compulsion,  not 
persuasion,  is  the  key-note  of  state  medicine,^'  is 
described  as  "the  head  of  the  paternalistic  medical 
activities  of  Pennsylvania  and  a  master  spirit  among 
the  political  doctors  of  the  American  Medical  Asso- 
ciation.    .     .     .^^ 

In  other  words,  the  league  is  opposed  to  government 
bureau?  which  might  have  charge  of  quarantine,  health 
legislation,  the  control  of  water-supplies,  sewage- 
disposal,  pure-food  regulations,  and  other  problems 
which  would  thus  have  federal  regulation  and  uniform 
enforcement.  Xo  matter  what  views  one  may  have 
about  states'  rights  or  schools  of  medical  practice,  no 

29.  Davis,  W.  A.  :  Med.  Freedom,  ii.  No.  10. 
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one,  I  believe,  who  has  the  welfare  of  his  fellow  men  at 
heart,  desires  to  oppose  regulations  which  tend  to 
decrease  disease  in  his  own  community  or  in  that  of 
his  neighbor.  The  opponents  of  animal  experimentation 
by  distributing  the  literature  of  the  League  for  Medical 
Freedom  indicate  that  they  are  opposed  to  such  humane 
effort  and  thus  offer  added  proof  of  their  opposition  to 
the  principle  that  the  community  at  large  should  benefit 
by  the  fruits  of  medical  investigation.^^ 

I  have  gone  into  these  matters  in  details  for  two 
reasons:  First,  that  the  medical  profession  should 
understand  the  animus  which  actuates  such  attacks, 
and  secondly,  that  the  general  public  should  have  a 
clear  statement  concerning  the  misrepresentation  on 
which  these  attacks  are  based.  "The  public  should 
definitely  understand  that  the  medical  profession  wholly, 
repudiates  and  regards  with  abhorrence  the  employ- 
ment of  any  procedure  whatever  which  is  in  any  way 
likely  to  injure  rather  than  to  benefit  a  patient  who 
has  entrusted  himself,  or  who  has  been  entrusted,  to 
a  physician^s  care.^'^^ 

The  antivivisectionists  charge  that  in  experimental 
work  the  final  test  must  be  made  on  man.  Of  course 
it  must.  The  object  of  all  medical  investigation  is  the 
relief  of  mankind^s  suffering  from  disease.  After  a 
method  has  been  sati sf actor ilv  tested  on  animals,  the 
final  test  must  be  on  man,  otherwise  the  preliminary 
work  would  have  been  without  purpose.  But  in  these 
first  crucial  tests  on  man  the  greatest  caution  is 
observed  and  it  is  usually  the  investigator  himself  who 
submits  to  the  test.  This  was  the  case  with  l^oguchi. 
who  has  been  malisfned  by  the  antivivisectionists  in 
connection  with  his  luetin  test.  Before  this  test  was 
put  into  general  use  Noguclii  and  other  physicians 
who  volunteered  were  subjects  of  experimentation.  So 
also  when  salvarsan  was  first  suggested  for  the  treat- 
ment of  relapsing  fever;  after  tests  had  been  made  on 
dogs  the  assistants  of  Alt  volunteered  to  take  the  injec- 

31.  It  is  significant  that  the  Medical  Brief,  from  which  all  the 
Antivivisection  societies  and  the  "Society  for  the  Prevention  of 
Abuse  in  Animal  Experimentation"  quote  concerning  the  experi- 
ments of  Rodermund  on  the  spraying  of  poisons  of  scarlet  fever, 
diphtheria,  small-pox,  etc.,  is  controlled  by  one  Henry  R.  Strong, 
who  also  publishes  the  National  Druggist.  Both  these  oublications 
have  for  years  been  regarded  as  mouthpieces  of  the  nostrum  inter- 
ests. The  Medical  Brief  does  not  in  any  sense  represent  the  views 
of  scientific  medical  men. 

32.  The  Washington  Antivivisection  Congress,  editorial,  TiiK 
Journal  A.  M.  A.,  Dec.   20,  1913,  p.  2244. 
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tions  in  order  to  test  the  toxicity  for  man.  l^ot  until 
after  this  was  done  was  it  used  on  patients  with  relaps- 
ing fever,  and  of  course  later  in  syphilis. 

This  is  the  universal  rule.  As  long  as  the  problem  at 
hand  ojQEers  hope  of  solution  by  the  use  of  animals,  this 
procedure  is  followed.  But  once  it  is  evident  that  man 
himself  must  be  the  experimental  animal,  the  scientist 
volunteer  is  always  ready.  When  it  was  evident  that 
the  problem  of  yellow  fever  could  be  settled  only  by  the 
demonstration  of  the  direct  transmission  of  the  disease 
from  infected  man  to  healthy  man  by  the  bite  of  the 
mosquito,  Carroll  and  Lazear  and  soldier  volunteers 
gave  themselves  willingly  to  the  test.  Lazear  succumbed, 
but  to  the  world  was  given  the  means  of  preventing  the 
scourge  of  yellow  fever.  "Died  in  the  service  of  his 
country'^  is  the  simplest  phrasing  which  any  people 
may  use  to  honor  its  heroes;  but  to  Lazear,  as  also  to 
Eicketts,  whose  fatal  illness  was  due  to  Mexican  typhus 
which  he  was  investigating,  were  given  the  immortal 
honor  of  dying  in  the  service  of  humanity. 

So  also  when  in  the  course  of  the  study  of  the  trans- 
mission of  malaria  by  the  mosquito,  the  crucial  test 
became  necessary,  two  members  (the  younger  Manson 
and  Warren)  of  the  staff  of  the  London  School  of 
Tropical  Medicine  were  ready  to  submit  to  the  bite  of 
infected  mosquitoes  brought  from  the  Eoman  Campagna 
for  that  purpose. 

This  voluntaiy  service  of  man  is  not  limited,  however, 
to  the  acute  infectious  diseases.  It  must  be  remembered 
that  Henr}'-  Head^s  important  studies  of  sensory  dis- 
turbances due  to  nerve  injury  were  based  in  part  at 
least  on  a  purposeful  division  of  a  nerve  in  his  own  arm, 
and  aside  from  these  major  problems  there  are  many 
minor  problems  in  connection  with  which  the  investi- 
gator is  himself  constantly  the  subject  of  experimenta- 
tion. These  are  instances  in  which  the  physician  tests 
on  himself  a  new  procedure  before  he  applies  it — con- 
trary to  the  contention  of  the  opponents  of  medical 
research — to  patients.  Within  the  last  two  months  two 
different  clinical  applications  of  experimental  work  have 
been  tested  thus  by  physicians  in  my  department,  and 
one  of  them  not  without  severe  results.  Moreover,  a 
vast  number  of  experiments  in  physiologic  chemistry 
and  immunology  are  made  with  the  investigator  him- 
self as  the  experimental  animal. 
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T  can  recall  that  when  the  tuberculin  eye-test  (oph- 
thalmic reaction)  for  tuberculosis,  for  the  use  of  which 
some  Philadelphia  physicians  have  been  severely  criti- 
cized, was  first  announced,  I  and  the  staflE  of  my  labora- 
tory (Bender  Hygienic  Laboratory,  Albany,  N.  Y.), 
submitted  to  the  test  before  using  it  on  patients.  Of 
the  fourteen  men,  all  physicians,  to  whom  the  test  was 
applied,  four  had  a  positive  reaction,  that  is,  a  con- 
gested or  inflamed  eye.  These  men  did  not  look  on 
this  as  a  hardship,  but  rather  were  thankful  that  this 
evidence  of  latent  or  obscure  tuberculosis  somewhere  in 
their  bodies  warned  them  of  the  necessity  of  care  and 
appropriate  treatment  in  preventing  its  further  devel- 
opment. 

Three  courses  are  open  to  the  medical  profession: 

1.  To  refuse  absolutely  to  try  any  new  drug,  new 
operation  or  new  means  of  diagnosis,  because  it  would 
be  an  "experiment"  and  an  example  of  "human  vivi- 
section." 

2.  To  test  new  ideas,  suggestions  and  methods  at 
once  on  man. 

3.  To  make  the  first  tests  and  experiments  on  animals 
and  then  if  found  useful  and  not  dangerous  to  apply 
them,  with  every  possible  safeguard,  to  the  relief  of  man. 

If  the  first  course  were  followed,  all  progress  would 
cease  and  all  medical  and  surgical  treatment  would 
become  stereotyped.  The  second  involves  a  moral 
responsibilitv  which  few  conscientious  physicians  would 
care  to  assume.  The  third  has  a  basis  in  a  definite 
ethical  principle.  Which  would  any  sensible  man  or 
woman  choose  as  a  guide  to  medical  progress? 

2114  De  Lancey  Place. 
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An  amplification  of  a  fifteen-minute  address  before  the  American 
Humane  Association  on  the  occasion  of  its  annual  meeting  at  Atlantic 
City,  Oct  8,  1914.  In  the  address,  as  originally  presented,  only  tuber- 
culosis and  cretinism  were  used  to  illustrate  the  benefits  to  children  of 
animal  experimentation.  For  the  purpose  of  the  present  pamphlet  these 
illustrations  have  been  multiplied  by  incorporating  material  previously 
utilized  in  a  popular  presentation  of  the  subject.  (Public  Ledger, 
Philadelphia,  May  14,  1914,  Lesson  No.  6,  of  Philadelphia  County  Medi- 
cal Society.)  For  many  suggestions  in  connection  with  the  general  sub- 
ject I  desire  to  acknowledge  my  indebtedness  to  papers  read  recently 
by  Dr.  Alfred  Hand  of  Philadelphia  and  Dr.  Henry  Dwight  Chapin  of 
New  York  City  before  the  Philadelphia  Pediatric  Society,  and  especially 
to  Dr.  Chapin  for  the  courtesy  of  allowing  me  to  examine  his  manu- 
script, part  of  which  I  have  utilized  without  change  of  text.  See 
Chapin,  H.  D. :  What  Animal  Experimentation  Has  Done  for  Children. 
Popular   Sscience   Monthly,   January,   1915,   Vol.   Ixxxvi,   p.    55. 

Those  who  oppose  animal  experimentation  do  so  on 
three  grounds:  First,  that  it  is  morally  and  ethically 
indefensible;  second,  that  it  is  of  no  value  in  that  it 
has  not  add^d  to  our  knowledge  of  the  diseases  of 
man,  and  third,  that  it  involves  unpardonable  cruelty. 

As  to  the  first  of  these,  the  moral  and  ethical  right, 
the  medical  investigator  claims  that  "Scientific  men  are 
under  definite  obligation  to  experiment  on  animals  so 
far  as  that  is  the  alternative  to  random  and  possibly 
harmful  experimentation  on  human  beings,  and  so  far 
as  such  experimentation  is  a  means  of  saving  human 
life  and  of  increasing  human  vigor  and  efficiency." 

Now,  if  it  can  be  shown  that  animal  experimenta- 
tion is  of  value,  even  if  it  be  only  in  a  single  disease, 
in  relieving  the  suffering  of  mankind,  the  claim  that 

*  This  paper  is  one  of  the  sefies  prepared  for  and  reprinted  by 
the  Bureau  for  the  Protection  of  Medical  Research  of  the  American 
Medical  Association  for  circulation  among  the  public.  Twenty-seven  of 
these  pamphlets  are  now  ready,  taking  up  the  relations  of  animal 
experimentation  to  ethics,  diagnosis,  cancer,  vaccination,  the  live  stock 
industry,  tuberculosis,  typhoid,  dysentery,  plague,  rabies,  surgery, 
internal  secretions,  the  circulation  of  the  blood,  protozoan  tropical 
diseases,  etc. 


animal  experimentation  is  futile  is  rendered  worthless, 
and  at  the  same  time  the  moral  and  ethical  basis  of  the 
practice  is  established. 

As  your  society  is  one  which  avows  an  interest  in 
children  as  well  as  animals,  and  as  a  large  share  of  its 
efforts  is  directed  toward  shielding  children  from  the 
ill  effects  of  their  environment,  I  will,  in  support  of 
the  argument  that  animal  experimentation  is  not  futile, 
present  examples  of  how  animal  experimentation  con- 
tributes to  the  health  and  happiness  of  the  child ;  and 
I  may  add  that  the  examples  I  offer  are,  for  the  most 
part,  every-day  procedures  in  the  diagnosis  and  treat- 
ment of  diseases  of  children  —  procedures  of  definitely 
known  value. 

In  no  field  of  medicine  are  the  results  of  animal 
experimentation  so  easily  demonstrable  as  in  that  of 
diseases  of  children.  Children  are  especially  liable  to 
preventable  diseases  due  to  bacteria,  and  on  such  dis- 
eases bacteriology  has  in  the  past  thirty  years  thrown 
a  great  flood  of  light,  and  the  knowledge  thus  gained 
has  not  only  greatly  decreased  the  mortality  of  infancy 
and  childhood,  but  also,  as  a  result,  has  increased  the 
expectancy  of  life. 

That  this  general  result  has  been  obtained  is  a 
matter  of  popular  knowledge,  but  the  details  of  how 
it  has  been  obtained  and  the  share  animal  experimen- 
tation has  had  and  is  still  having,  is  not  always  clear 
to  the  public.  That  animals  were  used  in  the  original 
studies  of  the  cause  as  well  as  the  cure  of  diphtheria 
is  well  known,  but  few  persons  outside  the  medical 
profession  know  that  animals  are  still  necessary  in 
many  instances  for  the  exact  diagnosis  of  the  disease, 
often  for  the  determination  of  the  duration  of  quaran- 
tine, and  for  the  production  and  testing  of  diphtheria 
antitoxin.  Therefore,  with  diphtheria,  as  with  other 
preventable  diseases,  animal  experimentation  still  act*; 
to  protect  the  individual  and  the  public. 

DIAGNOSIS 

Tuberculosis. — Take,  for  example,  in  the  field  of 
diagnosis  the  case  of  tuberculosis,  to  which  children 
are  especially  liable.  This  justly  dreaded  disease  may 
occur  as  the  well  known  "consumption"  of  the  lung,  or 
more  frequently  as  obscure  affections  of  the  bones. 


the  joints,  the  lymph-glands  or  the  coverings  of  the 
brain.  Many  of  these  conditions  are  difficult  of  diag- 
nosis in  the  early  stages.  A  lesion  of  the  spine  or  of  a 
joint  may  escape  diagnosis  until  a  hump-back  child  or 
a  chronic  hip  disease  is  the  result.  Many  tuberculous 
lesions  simulate  so  closely  other  diseases  that  diagnosis 
cannot  be  made  by  the  ordinary  methods  of  inspection 
and  physical  examination,  and  exact  knowledge  of  the 
condition  is  therefore  delayed  until  the  disease  has  so 
far  progressed  that  successful  treatment  is  difficult. 
Moreover,  the  direct  microscopic  examination  of  fluids 
or  tissue  from  such  diseases  is  not  always  of  help, 
because  in  tuberculosis  of  the  bones  and  joints,  the 
lymph-glands  and  the  cavities  of  the  body,  the  tubercle 
bacilli  are  present  in  such  small  numbers  that  usually 
the  microscope  fails  to  reveal  their  presence.  If,  how- 
ever, such  fluid  or  tissue  is  injected  into  a  guinea-pig, 
the  bacilli  present,  be  they  ever  so  few,  will  cause 
tuberculosis  to  develop  in  the  guinea-pig  and  thus 
establish  a  diagnosis.  The  importance  of  this  test  can- 
not be  overestimated ;  not  only  does  it  ensure  an  exact 
diagnosis  and  therefore  rational  treatment,  but  time  — 
perhaps  the  most  important  element  when  surgical 
intervention  is  demanded — -is  saved.  Every  year  the 
fate  of  thousands  of  children  depends  on  the  use  of 
guinea-pigs  for  this  test. 

Hydrophobia. — This  disease  is  more  common  among 
children  than  adults,  partly  because  of  their  close  asso- 
ciation with  domestic  animals,  and  partly  because  of 
their  lack  of  judgment  in  the  recognition  of  abnormal 
conditions  in  an  animal.  When  a  child,  or  an  adult  for 
that  matter,  is  bitten,  the  question  arises:  Is  the  doe: 
rabid  or  is  he  merely  vicious  or  ill-tempered?  If  the 
physician  in  charge  of  the  case  realizes  his  responsi- 
bilities, the  animal  is  found  and  killed  —  for  whether 
rabid  or  vicious  he  is  a  menace  to  the  community  — 
and  thus  the  sacrifice  of  the  animal  is  recognized  as  a 
justifiable  procedure,  tending  to  protect  the  welfare  of 
the  public.  But  the  symptoms  of  hydrophobia  do  not 
develop  at  once  and  the  physician  wants  to  know 
whether  the  child  is  to  be  treated  for  hydrophobia  or 
merely  by  the  usual  antiseptic  measures  applicable  to  a 
wound  of  the  skin.  A  tentative  opinion  may  be 
reached  if  on  microscopic  examination  of  the  brain  of 
the  dog  are  found  the  peculiar  little  bodies  usually 


associated  with  rabies  and  known  as  "Negri  bodies." 
Experience  has  shown,  however,  that  the  surest  test  is 
the  inoculation  of  rabbits  with  some  tissue  from  the 
dog  s  brain.  The  development  in  such  animals  of  the 
symptoms  of  rabies  settles  the  question  conclusively 
and  thus  the  nature  and  extent  of  treatment  of  the 
human  case  under  observation. 

Syphilis. — The  common  form  of  this  disease  in  chil- 
dren, the  inherited  or  congenital  form,  is  not  always 
readily  recognized.  The  disease  may  take  many 
obscure  phases  and  exact  diagnosis,  and  therefore 
specific  treatment,  is  impossible  unless  a  certain 
specific  test  is  made.  This  test  (the  Wassermann  test), 
too  technical  to  present  in  detail,  requires  every  time 
it  is  made  some  fresh  blood  of  the  sheep  as  well  as 
some  serum  of  the  guinea-pig.  In  all  laboratories, 
usually  those  of  hospitals,  in  which  this  test  is  per- 
formed, animals  are  kept  for  this  purpose.  In  the  case 
of  the  guinea-pig  the  animal  is  usually  killed  at  the 
time  of  bleeding,  but  as  only  a  small  amount  of  sheep's 
blood  is  needed,  these  latter  animals  are  kept  for  some 
time  and  are  the  subjects  from  time  to  time  of  repeated 
bleedings.  Although  the  procedure  is  quite  different 
from  the  inoculation  experiments  previously  described, 
it  is  nevertheless  a  form  of  animal  experimentation, 
and  one  without  which  the  diagnosis  of  svphilis  fre- 
quently could  not  be  made.  But  this  test  has  another 
value.  It  is  a  guide  to  treatment.  As  long  as  the  dis- 
ease is  not  cured  the  positive  test  persists.  It  is  possi- 
ble by  repeating  this  test  to  determine  by  its  permanent 
disappearance,  the  time  when  the  child  (or  adult)  is 
cured.  This  information  can  be  obtained  in  no  other 
w^ay.  What  is  true  of  the  congenital  disease  is  true 
also  of  the  acquired,  which,  however,  is  relatively  rare  ^ 
in  children.  The  Wassermann  reaction  is  therefore 
not  only  a  diagnostic  measure,  but  of  value  in  prophyl- 
axis as  well,  for  its  disappearance  points  to  cure  and 
therefore  the  impossibility  of  spreading  infection.  To 
obtain  this  valuable  information,  the  use  of  animals  to 
the  extent  of  bleeding  sheep  and  guinea-pigs  is  essen- 
tial. 

Diphtheria. — When  a  child  has  diphtheria  the  diag- 
nosis may  frequently  be  made  as  a  result  of  the  inspec- 
tion of  the  throat  (or  nose).  If  this  is  impossible  in 
most  doubtful  cases  a  bacteriologic  study  of  cultures 


from  the  throat  clears  up  the  diagnosis.  In  a  small 
number  of  cases,  most  frequently  diphtheria  of  the 
nasal  passages,  both  these  methods  of  diagnosis  fail, 
usually  because  the  appearance  of  the  disease  is  not 
characteristic  and  the  bacteria  found  differ  from  the 
true  form  of  diphtheria  bacillus.  Under  such  circum- 
stances, it  is  most  important,  for  two  reasons,  to  estab- 
lish a  diagnosis:  (1)  in  order  that,  if  the  condition  is 
diphtheria,  the  child  may  have  the  specific  treatment  — 
diphtheria  antitoxin  —  and  (2)  that  other  children 
may  be  protected  against  an  unrecognized  case  of 
diphtheria.  Under  such  circumstances  animal  experi- 
mentation is  the  only  resource.  A  guinea-pig  is  inocu- 
lated with  bacteria  from  the  throat  or  nose  of  the  sick 
child  and  the  diagnosis  depends  on  whether  or  not  the 
guinea-pig  develops  the  characteristic  symptoms  and 
lesions  of  experimental  diphtheria.  But  for  still 
another  important  purpose  is  this  test  used  in  diph- 
theria. A  regulation  of  the  department  of  health 
requires  that  a  child  with  diphtheria  shall  not  be 
released  from  quarantine  until  bacteriologic  examina- 
tion shows  the  throat,  or  other  part  affected,  to  be  free 
of  diphtheria  bacilli.  The  object  of  this,  naturally,  is 
to  prevent  the  spread  of  the  disease.  Usually  the* 
bacilli  disappear  from  the  throat  within  a  reasonable 
length  of  time,  corresponding  practically  to  complete 
convalescence  and  restoration  to  a  condition  allowing 
the  child  to  take  up  its  usual  activities.  Sometimes, 
however,  the  bacilli  persist  for  an  unusual  period.  The 
child  is  perfectly  well  and  eager  to  go  to  school;  the 
parents  find  the  restrictions  of  quarantine  irksome  and 
rebel  at  the  health  regulations.  But  the  child  is  still  a 
source  of  infection ;  the  community  must  be  protected. 
There  comes  a  time,  if  the  bacilli  persist  for  weeks  or 
months,  when  the  situation  resolves  itself  into  the 
practical  question :  "Are  the  persisting  bacilli  virulent 
and  capable  of  causing  disease?"  To  settle  this  point, 
an  inoculation  of  guinea-pigs,  as  described  above,  is , 
made.  If  the  bacilli  have  no  effect  on  the  animals, 
quarantine,  with  certain  precautions,  is  raised ;  if,  how- 
ever, the  bacilli  cause  diphtheria  in  the  experimental 
animals,  the  quarantine  is  maintained.  The  latter  use 
of  this  animal  test  is  not  strictly  speaking  a  diagnostic 
test,  but  it  is  one  of  the  most  important  procedures  in 
lessening  the  spread  of  diphtheria  among  children. 


These  examples  of  the  use  of  animals  in  the  diag- 
nosis of  diseases  of  children  have  been  presented  in 
some  detail  in  order  to  bring  out  clearly  the  fact  that 
these  and  many  similar  tests  are  as  much  a  part  of  the 
armamentarium  of  the  physician  and  surgeon  as  are 
the  stethoscope  and  the  clinical  thermometer,  or  the 
scalpel  and  the  Roentgen  ray.  More  than  that,  they 
belong  to  the  group  of  so-called  specific  tests,  that  is,  a 
positive  result  indicates  the  exact  nature  of  the  disease. 
A  guinea-pig  developing  tuberculosis  after  the  injec- 
tion of  fluid  from  a  diseased  joint,  means  that  the  joint 
is  tuberculous;  a  guinea-pig  developing  experimental 
diphtheria  after  receiving  cultures  from  the  throat  of 
a  child  means  that  virulent  diphtheria  bacilli  exist  in 
the  child's  throat,  and  so  on  through  the  list  of  these 
specific  tests.  There  can  be  no  doubt,  no  question  of 
interpretation.  And  it  may  be  added  that  all  these  pro- 
cedures are  common,  every-day  procedures  in  diag- 
nosis. 

This  list  might  be  lengthened  to  include  less  frequent 
animal  tests,  as  that  for  anthrax  (a  disease  contracted 
from  infected  hides  of  cattle),  glanders  (contracted 
by  contact  with  infected  horses)  and  other  diseases  to 
which  children  as  well  as  adults  are  susceptible.  Also 
might  be  added  the  frequent  use  of  animals,  especially 
the  guinea-pig,  in  the  study  of  infected  wounds,  espe- 
cially those  from  rusty  nails,  in  connection  with  which 
it  is  of  great  importance  to  know  whether  the  bacillus 
of  lockjaw  is  present ;  but  the  examples  given  are  suffi- 
cient to  indicate  the  constant  use  of  these  valuable 
methods,  without  which  diagnosis  would  not  be  the 
exact  procedure  which  is  the  basis  of  modern  scientific 
medicine. 

TREATMENT 

The  most  overwhelming  proof  of  the  value  of  a 
specific  treatment  is  seen  in  connection  with  antitoxin 
in  diphtheria.  Before  the  introduction  and  use  of  anti- 
toxin in  1895,  diphtheria  could  truthfully  be  called  one 
of  the  greatest  scourges  of  childhood.  With  the 
increasing  employment  of  antitoxin,  however,  the 
death-rate  began  to  fall  all  over  the  civilized  world. 

The  accompanying  table  (Table  1),  quoted  from 
Keen,  gives  the  official  reports  of  the  mortality  from 
diphtheria   for  every   100,000   inhabitants   in  certain 


American  aiid  European  cities  before  the  use  of  anti- 
toxin and  after  its  employment  had  become  general: 

TABLE   1.— MORTALITY  FROM   DIPHTHERLA 
PER  100,000  INHABITANTS 

1894  1905 

New  York  (Manhattan) 158  38 

Philadelphia   128  32 

Baltimore 50  20 

Boston  180  22 

Brooklyn    173  43 

Pittsburgh   64  26 

London    66  12.2 

Paris  40  6 

Vienna 114  19 

Dr.  W.  H.  Park,  of  the  New  York  Citv  Board  of 
Health,  in  a  study  of  the  average  death-rate  from 
diphtheria  in  nineteen  large  cities  of  the  world  in  1893 
shows  it  to  have  been  slightly  over  80  per  100,000 ;  in 
1895,  when  the  antitoxin  treatment  was  introduced,  it 
began  to  fall,  and  by  1907,  when  antitoxin  was  gener- 
ally employed,  the  rate  had  dropped  to  17  per  100,000. 

In  the  London  hospitals  the  mortality  was  reduced 
from  29  per  cent,  to  10  per  cent.  The  same  is  true  of 
other  large  hospitals  of  the  world. 

Table  2  shows  the  value  of  early  treatment,  as 
observed  in  the  Hospital  for  Contagious  Diseases  in 
New  York  City : 

TABLE  2.— DEATH  RATE  ACCORDING  TO  DAY 

OF  INJECTION 

Death  Rate 

218  cases  treated  on  first  day 

1,153  cases  treated  on  second  day 4.59 

880  cases  treated  on  third  day 12.50 

598  cases  treated  on  fourth  day 16.40 

351  cases  treated  on  fifth  day 14.24 

694  cases  treated  after  fifth  day 14.15 

Total,  3,894  cases 10.57 

Not  only  has  the  death-rate  been  much  lowered,  but 
the  severity  of  the  disease  and  its  compHcations  have 
been  marvelously  changed  for  the  better.  Perhaps  this 
is  best  seen  in  the  great  diminution  of  the  fatal  and 
agonizing  croup  cases,  where  the  false  membrane 
descends  into  the  windpipe  and  causes  death  by  slow 
suffocation.    At  the  Willard  Parker  Hospital,  even  the 
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late  and  neglected  cases  of  croup  that  have  not  had 
the  remedy  before  admission,  now  after  a  large, 
though  belated,  dose  of  antitoxin  very  rarely  die  from 
strangulation.  If  they  succumb  to  other  complicationr., 
they  are  at  least  mercifully  spared  the  torture  of  pro- 
longed suffocation.  In  this  hospital,  before  antitoxin 
days,  two-thirds  of  the  croup  patients  that  required  a 
tube  in  the  windpipe  so  as  to  prevent  death  from  suffo- 
cation, died ;  now  three-quarters  are  saved.  It  is  hard 
to  realize  what  such  figures  actually  mean.  In  the 
years  preceding  the  discovery  of  the  germ  that  causes 
diphtheria  and  the  working  out  of  its  antidote,  among 
the  cases  reported  of  patients  dying  from  diphtheria, 
more  than  75  per  cent,  were  attributed  to  diphtheria 
of  the  windpipe.  Now,  the  antitoxin,  when  early  and 
properly  given,  will  not  only  cure  in  the  great  majoritv 
of  cases,  but  those  closely  exposed  to  infection,  as 
nurses  and  relatives  of  the  sick,  may  be  rendered 
immune  by  a  single  small  dose  of  antitoxin.  Over 
35,000  cases  were  thus  treated  by  the  New  York  Board 
of  Health  without  any  serious  sequel. 

Cerebrospinal  Meningitis. — One  of  the  most  fatal 
and  distressing  diseases,  confined  largely  to  children, 
is  epidemic  cerebrospinal  meningitis.  Before  the  work- 
ing out  of  the  antimeningitis  serum  by  careful,  scien- 
tific experimentation  on  animals,  there  was  no  method 
of  preventing  the  growth  and  appalling  effects  of  the 
micro-organisms  that  caused  the  disease.  Now  we 
have  a  serum  that  not  only  directly  destroys  or  inhibits 
the  growth  of  these  germs,  but  also  indirectly  acts  by 
stimulating  the  white  blood-cells  to  overcome  them, 
and  at  the  same  time  a  neutralizing  action  is  exerted 
on  the  soluble  and  diffusible  poisons  that  are  produced. 
As  a  result,  not  only  has  the  mortality  been  greatly 
lowered,  but  the  severe  symptoms  and  crippling  com- 
plications have  been  most  favorably  influenced.  The 
lowest  mortalitv  before  the  serum  treatment  ran  from 
about  50  per  cent,  in  sporadic  cases  to  75  p)er  cent,  in 
the  epidemic  form  in  different  parts  of  the  world. 
When  the  serum  is  now  given  by  spinal  (lumbar) 
puncture,  the  mortality  drops  to  about  25  per  cent,  or 
even  lower.  If  the  serum  is  given  early  in  the  disease, 
the  altered  mortality  is  still  more  remarkable.  The 
accompanying  table  (Table  3),  quoted  by  Dunn  from 
the  studies  of  Dopter,  shows  this  feature : 


Netter 

Dopter 

Per  Cent. 

Per  Cent. 

7.14    . 

8.2 

11.1 

14.4       ' 

23.5 

24.1 

TABLE  3.— MORTALITY   IN   EPIDEMIC   MENINGITIS 
UNDER   SERUM  TREATMENT 

Cases  Analyzed  According  to  Period  of  Injection 

Flexner 

Period   of  Injection     Per  Cent. 

First  to  third  day 14.9 

Fourth  to  seventh  day . .     22.0 
Later  than  seventh  day..     36.4 

In  accord  with  these  is  the  experience  of  one  hos- 
pital, the  Children's  Hospital  of  Boston,  in  which  for 
many  years  a  special  study  of  meningitis  had  been 
made.  During  eight  years  Dr.  Thomas  Morgan  Rotch 
had  treated  meningitis  in  various  ways  with  a  mor- 
tality varying  from  60  to  80  per  cent. ;  but  the  first 
year  (Nov.  1,  1907,  to  Nov.  1,  1908)  after  he  began 
the  use  of  the  Flexner  serum  he  treated  seventy-four 
patients,  with  a  mortality  of  only  19  per  cent. 

In  patients  who  recover  the  serum  treatment  not 
onlv  shortens  the  duration  of  the  disease  —  sometimes 
by  seyeral  weeks  —  but  lessens  the  chances  of  the 
terribly  destructive  sequels,  such  as  hydrocephalus, 
blindness  and  deafness.  On  this  point  Dr.  Dunn  of 
the  Children's  Hospital  of  Boston,  savs : 

The  contrast  in  the  appearance  of  the  wards  at  the  Chil- 
dren's Hospital  in  Boston  now,  and  as  compared  with  the 
preserum  period,  is  a  subject  of  general  remark.  Formerly 
there  were  almost  always  to  be  seen  wasted  little  patients 
lying  with  head  drawn  back,  neck  rigid,  limbs  twisted  and 
paralyzed,  head  swollen  by  hydrocephalus  and  other  painful 
conditions,  and  remaining  thus  for  weeks  or  months  until 
death  resulted.  Now  the  little  meningitis  patients  are  soon 
laughing,  talking  and  playing  with  other  children,  and  need 
not  to  be  kept  long  in  the  hospital. 

Now  through  what  means  have  these  two  great 
life-saving  methods  been  gained?  Solely  through  ani- 
mal experimentation  ;  at  first,  in  the  investigative  stage, 
through  the  use  of  rabbits,  guinea-pigs,  horses  and 
other  animals,  and  at  present  the  horse  is  still  in  daily 
use  for  the  manufacture  of  these  antitoxins,  and  the 
guinea-pig,  especially  in  the  cases  of  diphtheria  anti- 
toxin, is  used  for  testing  its  potency.  Animal  experi- 
mentation is  therefore  as  important  a  part  of  modern 
medicine  as  is  the  making  and  testing  of  drugs  of 
vegetable  or  mineral  origin,  and  this  fact  should  not 
be  overlooked  by  those  who  oppose  animal  experi- 
mentation as  a  means  of  research  or  investigation.  It 
is  the  everyday  means  of  procuring  specific  remedies 
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for  the  cure  of  diphtheria  and  epidemic  meningitis, 
formerly  two  of  the  great  scourges  of  childhood. 

PROPi'LAXIS  OR  PREX-ENTION  OF  DISEASE 

Under  this  head,  three  procedures  of  isjeat  value, 
involving  animal  experimentation,  may  be  discussed. 
These  are  the  preventive  treatment  of  hydrophobia 
and  lockjaw  and  vaccination  against  small-pox.  The 
first  two  are  preventive  in  the  sense  that  after  the  per- 
son is  bitten  or  wounded,  treatment  is  beeun  to  pre- 
vent the  development  of  symptoms;  in  the  last  the 
procedure  is  for  the  purpose  of  preventing  infection. 

Hydrophobia. — The  Pasteur  treatment  consists  in 
inoculating  a  bitten  person  at  regular  intervals  for 
about  tw-enty  days  with  the  altered  virus  of  rabies  — 
at  first  a  ver}'  weak  virus  is  used  and  later  stronger 
virus  until  the  person  is  immunized-  As  the  immuni- 
zation takes  place  it  counteracts  the  virus  formed  at 
the  site  of  the  bite  and  the  development  of  the  disease 
is  prevented.  As  the  virus  of  rabies  is  localized  to  a 
large  extent  in  the  central  nervous  system,  the  material 
used  in  this  treatment  is  an  emulsion  of  the  spinal 
cord.  To  prepare  this  so  that  it  may  be  safely  used, 
rabbits  are  inoculated  with  what  is  known  as  the 
"fixed"  virus  of  rabies,  and  from  the  cords  of  such 
animals  the  weakened  virus  for  treatment  is  prepared. 
It  is  essential,  therefore,  that  if  hydrophobia  is  to  be 
properly  treated,  rabbits  must  be  used. 

Before  the  Pasteur  treatment  was  introduced,  tlie 
mortality  among  persons  bitten  by  animals  varied  from 
6  to  14  per  cent.  Since  then  the  figures  of  the  Pasteur 
Institute  (from  1886  to  1907)  show  an  annual  mor- 
tality for  twenty-one  years  of  less  than  1  per  cent. 
Professor  Law  of  the  Cornell  \^eterinary  School  pre- 
sents the  accompanying  table  (Table  4)  : 

TABLE  4— RESULTS  OF  TREATMENT  IN  PERSONS 

BITTEN   BY  ANIMALS    SUSPECTED  AND 

PROVED   RABID,    RESPECTIVELY 

Number        Died      Per  Cent. 
Bitten  bv  animals  proved  rabid 

by   inoculation 2.872  20  0.69 

Bitten    l)y    animals    pronounced 

rabid  l)y  veterinarian 12,547  61  0  48 

Bitten   bv   animals    suspected   of 

rabies' 4,747  15  0.31 

Average  mortality    0.46 
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In  this  connection  it  should  be  remembered  that 
there  is  no  known  cure  for  rabies  when  symptoms  have 
once  appeared  and  that  death  follows  a  period  of  suf- 
fering, agonizing  to  the  patient  and  harrowing  to  the 
observers. 

Lockjaw. — This  disease,  known  also  as  tetanus,  and 
due  to  the  bacillus  of  that  name,  is  a  disease  with  a 
definite  incubation  period  and  may  for  that  reason  be 
cured  if  treatment  is  begun  immediately  after  the  per- 
son is  wounded.  The  serum  which  is  used  for  this 
purpose  is  therefore  usually  described  as  a  preventive 
rather  than  a  curative  serum,  but  sometimes  fully 
developed  cases,  if  mild  or  chronic,  may  be  cured. 
This  preventive  treatment  is  particularly  of  value  in 
the  so-called  "Fourth  of  July"  injuries  and  has  been 
largely  responsible  for  the  reduction  of  the  mortality 
from  tetanus  formerly  following  our  great  national 
celebration. 

The  tetanus  antitoxin  is  prepared  in  the  commercial 
laboratories  of  our  great  drug  firms  by  injecting  horses 
with  tetanus  toxins,  in  the  same  way  as  diphtheria 
antitoxin  is  made.  Also  guinea-pigs  are  used  to  test 
its  potency  and  purity. 

Small-Pox, — Small-pox  is  essentially  a  disease  of 
childhood,  indeed  at  one  time  it  was  known  as  "child- 
pox."  That  it  is  peculiarly  fatal  to  children  is  shown 
by  the  fact  that  in  the  great  Montreal  epidemic,  with 
3,164  deaths,  85  per  cent,  of  these  occurred  in  children 
under  10  years  of  age.  As  to  the  protection  exerted 
by  vaccination,  Rotch  has  shown  as  the  result  of  a 
study  of  small-pox  in  children  in  the  city  of  Boston 
during  a  period  of  fifteen  years,  that  no  death  occurred 
among  vaccinated  children  under  5  years  of  age,  while 
at  the  same  time  the  mortality  in  the  unvaccinated  was 
75  per  cent.  From  the  point  of  view  of  animal  experi- 
mentation it  is  only  necessary  to  add  that  this  protec- 
tion of  children  i's  gained  by  using  the  calf  for  the 
production  of  the  vaccine  and  the  guinea-pig  for  test- 
ing its  purity.  This  last,  it  may  be  added,  is  of  the 
greatest  importance,  for  it  is  through  such  testing  that 
a  pure  product  is  obtained  and  accidental  infection 
with  lockjaw  and  other  diseases  prevented. 

Thus  far  have  been  described  only  those  diagnostic, 
therapeutic  and  prophylactic  measures,  in  the  every- 
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clay  execution  of  which  animals  are  and  must  be  used. 
Many  other  procedures  based  on  animal  experiment 
are  in  use,  but  in  these,  animals  were  necessary  only 
in  the  investigative  stage;  in  their  practical  applica- 
tion the  animal  is  no  longer  necessary.  These,  how- 
ever, could  not  have  been  elaborated  without  the  use 
of  animals,  and  they  stand  as  well-tried  procedures, 
among  the  most  important  procedures  of  modern  med- 
icine. Two  of  these,  the  tuberculin  and  luetin  tests, 
must  be  mentioned. 

The  tuberculin  reaction  depends  on  the  principle  that 
if  a  fluid  in  which  tubercle  bacilli  tiave  grown,  and 
which  therefore  contains  the  chemical  products  of 
their  growth,  is  injected  into  an  animal  or  person  suf- 
fering from  tuberculosis,  a  transient  increase  of  tem- 
perature occurs  and  constitutes  the  chief  sign  of  a 
positive  reaction ;  if  no  tuberculosis  exists,  no  reaction 
occurs.  The  method  is  therefore  of  great  value  as  a 
diagnostic  test  in  obscure  or  doubtful  cases  of  tuber- 
culosis, and  also  is  the  generally  recognized  procedure 
in  determining  the  presence  of  tuberculosis  in  cattle. 

The  fluid  injected  is  called  tuberculin,  and  as  it  is 
sterilized  it  contains  no  living  bacteria  and  cannot 
cause  tuberculosis.  When  the  test  was  first  used  the 
tuberculin  was  injected  beneath  the  skin  with  the  aid 
of  a  hypodermic  syringe,  and  the  chief  reaction  which 
this  method  gives,  is,  as  I  have  stated,  an  increase  in 
temperature.  Later  it  was  found  that  if  the  diluted 
tuberculin  was  placed  on  the  surface  of  the  eye,  there 
followed  in  tuberculous  persons  a  reddening  or  con- 
gestion of  the  eye,  which  might  go  on  to  the  stage  of 
mild  conjunctivitis  ("pink  eye").  This  is  known  as 
the  Calmette  reaction.  Still  later  it  was  discovered 
that  if  the  skin  was  scraped,  as  in  vaccination  against 
small-pox,  and  the  tuberculin  applied  over  such  an 
area,  a  local  reddening  —  the  von  Pirquet  reaction  — 
could  be  obtained.  There  has  never  been  any  doubt 
about  the  value  of  the  tuberculin  reaction.  It  is  one 
of  the  most  valuable  adjuvants  in  the  diagnosis  of 
doubtful  tuberculosis. 

The  test  has  been  much  misrepresented  by  antivivi- 
sectionists,  but  without  it,  in  very  many  children, 
tuberculosis  would  escape  detection  and  proper  treat- 
ment therefore  be  impossible. 
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Ltietin  is  prepared  from  the  micro-organism  — 
Spirochaeta  pallida  —  which  causes  syphilis.  A  sus- 
pension of  this  organism  is  so  treated  as  to  cause  dis- 
integration of  the  parasite.  The  material  is  then 
heated  so  as  to  ensure  the  death  of  all  Hving  material 
in  the  fluid.  Phenol  (carbolic  acid)  is  added  to  pre- 
vent contamination,  and  the  fluid  —  a  sterile  mixture 
—  is  injected  into  the  skin,  much  in  the  manner 
employed  in  the  tuberculin  test.  It  is  entirely  devoid 
of  living  micro-organisms,  as  was  shown  by  Noguchi, 
first  on  rabbits  and  monkeys,  and  later  by  applying  it 
to  his  own  skin  and  the  skin  of  several  physicians  who 
volunteered  for  that  purpose.  The  reaction  in  the 
syphilitic  is  a  slight  erythema  (or  reddening)  which 
may  become  papular,  or  occasionally  pustular;  in  the 
non-syphilitic,  no  reaction  occurs  and  the  procedure 
in  such  patients  has  no  more  effect  than  the  injection 
of  distilled  water  would  have.  This  test  has  added 
greatly  to  the  ease  of  recognizing  obscure  cases  of 
syphilis. 

Other  tests  might  be  mentioned,  but  these  two  must 
suffice  to  illustrate  the  typical  diagnostic  tests  gained 
through  animal  experimentation,  though  in  their  appli- 
cation animals  are  no  longer  necessary. 

Surgery. — But  it  is  not  in  medicine  alone  that  ani- 
mal experimentation  has  been  of  value  to  children. 
Aseptic  and  antiseptic  surgery  are  based  on  the  solid 
rock  of  animal  experimentation,  and  children  have  had 
their  full  share  in  the  inestimable  benefits  that  have 
followed  modern  surgical  methods.  Septicemia  and 
pyemia  are  prevented  and  frequently  cured.  Cavities 
of  the  body  formerly  out  of  reach  of  surgical  aid,  are 
now  fearlessly  explored  and  life  thus  saved.  As  an 
example,  the  various  obstructions  of  the  bowel  peculiar 
to  children  are  cured  in  a  large  proportion  of  cases. 
In  former  times  death  usuallv  ensued  in  such  con- 
ditions,  as  both  physician  and  surgeon  feared  the  large 
mortality  that  followed  the  opening  of  the  abdomen. 
Even  very  young  infants  are  now  successfully  operated 
on  for  this  grave  condition. 

Recently,  bone  grafting  that  promises  brilliant 
results  in  straightening  crooked  backs  and  other  bony 
deformities  in  children  has  been  successfully  tried  as 
a  result  of  previous  experiments  on  ai^.imals. 
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Profuse  and  uncontrollable  hemorrhages  in  the  new- 
bom,  formerly  fatal,  are  now  saved  by  transfusion, 
which  was  first  studied  and  the  technic  perfected  by 
vessel-suturing  in  the  lower  animals.  Practically  the 
whole  realm  of  surgical  accidents  and  diseases  in  chil- 
dren has  been  benefited  and  illuminated,  directly  or 
indirectly,  as  a  result  of  animal  experimentation. 

There  is  no  foretelling  to  what  extent  disease  can 
be  overcome  by  persisting  in  the  present  fruitful 
methods.  Already  infantile  paralysis  is  being  hope- 
fully studied  as  to  cause  and  consequent  cure.  The 
same  can  be  said  of  other  crippling  and  fatal  diseases. 

Cretinism.  —  Even  certain  forms  of  idiocy  have 
yielded  to  animal  experiment.  The  scant  relief  pos- 
sible for  most  forms  of  idiocy  is  well  known  to  both 
physicians  and  laymen.  In  recent  years  one  kind  of 
mental  defect  has  been  explained  and  largely  cured  by 
a  knowledge  of  the  internal  secretion  of  the  thyroid 
gland.  Formerly  these  individuals  were  doomed  to 
remain  semi- imbeciles.  They  were  repulsive  in  appear- 
ance, with  stunted  growth,  facial  blankness,  tongue 
protruding  from  half-open  mouth,  trunk  large,  with 
pendulous  abdomen  and  short,  stumpy  limbs.  A  dull, 
apathetic  mentality  was  always  in  evidence.  An 
implantation  of  the  thyroid  in  the  abdominal  cavity  of 
dogs  by  Schiff  showed  that  this  gland  would  function- 
ate even  after  its  removal  from  its  normal  location. 
From  this  it  was  but  a  step  to  demonstrate  that  by 
administering  an  extract  of  the  thyroid  gland  by  the 
mouth  the  symptoms  due  to  its  abnormal  absence  in  the 
child  would  be  removed.  The  arrested,  perverted 
growth  and  mental  dullness,  due  directly  to  the  absence 
of  this  important  internal  secretion,  can  thus  be  easily 
corrected  by  giving  the  dry  extract  from  the  thyroid 
of  an  animal.  A  whole  class  of  hopeless  defectives 
has  thus  been  rehabilitated. 

ANIMAL    EXPERIMENTATION    ENTITLED    TQ    APPROVAL 

These  examples  are  sufficient,  I  think,  to  demon- 
strate to  you  that  animal  experimentation  in  your  own 
field,  that  of  child  welfare,  is  not  useless,  and  that 
medical  practitioners  and  medical  scientists  are  mor- 
ally bound  to  continue  their  work  in  the  hope  of  add- 
ing to  our  knowledge  of  other  diseases,  now  little 
understood.        • 


15 

In  this  connection  it  is  interesting  to  note  that  the 
foremost  medical  and  scientific  bodies  of  the  world 
have  passed  resolutions  supporting  the  practice  of  ani- 
mal experimentation  as  a  humane  effort. 

These  societies  are: 

1892 :  The  British  Medical  Association,  representing 
the  medical  profession  of  the  British  Empire ; 

1908:  The  American  Medical  Association,  repre- 
senting the  organized  medical  profession  of  the  United 
States ; 

1908:  The  American  Association  for  the  Advance- 
ment of  Science,  representing  all  fields  of  science  in 
the  United  States ; 

1913:  The  Federation  of  American  Societies  for 
Experimental  Biolpgy,  representing  the  teachers  in  the 
biologic  sciences  in  this  country ; 

1913:  The  International  Medical  Congress,  repre- 
senting the  medical  profession  of  all  nations. 

It  is  worthy  of  note  that  against  this  opinion  of  the 
scientists  and  the  organized  medical  profession  of  the 
entire  world  there  is  not  a  single  record  of  a  scientific 
body  expressing  the  opposite  opinion. 

CRUELTY 

No  charge  of  cruelty  in  medical  laboratories  or 
research  institutions  has  ever  been  sustained  in  a 
court  of  law,  and  in  every  instance  in  which  charges 
have  resulted  in  a  libel  suit  the  suit  has  gone  against 
the  antivivisectionists. 

In  this  connection,  with  this  question  of  the  investi- 
gation of  charges  of  cruelty,  it  is  well  to  remember 
that  in  the  report  of  the  British  Royal  Commission  on 
Vivisection,  issued  in  1912,  the  following  statement 
mav  be  found : 

We  desire  to  state  that  the  harrowing  descriptions  of 
operations  inflicted  on  animals,  which  are  freely  circulated 
by  post,  advertisement  or  otherwise,  are  in  many  cases  cal- 
culated to  mislead  the  public,  so  far  as  they  suggest  that  the 
animals  in  question  were  not  under  an  anesthetic.  To  repre- 
sent that  animals  subject  to  experiments  in  this  country  are 
wantonly  tortured  would,  in  our  opinion,  be  absolutely  false. 

The  claim  that  anesthetics  are  not  used  is  indeed 
as  false  as  it  is  absurd,  for  it  would  be  impossible  in 
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the  physiologic  experiments  usually  cited  in  this  con- 
nection to  use  with  a  struggling  animal  the  delicate 
apparatus  which  such  studies  demand — apparatus  so 
responsive  that  it  registers  the  slightest  change  in  posi- 
tion or  movement.  The  same  misrepresentation  exists 
in  connection  with  the  oft-quoted  reference  to  the 
use  of  curare. 

I  have  worked  in  laboratories  in  Massachusetts, 
New  York  and  Pennsylvania,  and  have  visited  most 
of  the  important  laboratories  of  this  country.  With 
the  exception  of  injection  experiments,  as  used  in 
investigations  in  bacteriology  and  immunity,  and  in 
feeding  experiments,  as  in  the  study  of  nutrition,  I 
have  never  myself  made,  nor  have  I  seen,  an  experi- 
ment in  which  anesthesia  was  not  used,  and  by  anesthe- 
sia I  mean  complete  anesthesia  with  ether  or  chloro- 
form. As  to  curare,  I  have  never  seen  it  used,  except 
in  a  single  type  of  experiment,  and  that  on  frogs.  I 
have  never  seen  it  used  on  warm-blooded  animals,  and 
have  only  once  heard  of  it  being  so  used,  and  in  that 
instance  ether  was  previously  administered.  What- 
ever may  have  been  the  practice  with  curare  in  Euro- 
pean laboratories  in  the  early  days  of  physiology,  1 
can  truthfully  say  that  in  this  day  and  country  its  use 
is  practically  limited  to  an  occasional  experiment  on 
the  frog. 

Likewise  the  stories  of  insufficient  food,  improper 
quarters  and  neglect  after  treatment  in  recovery 
experiments  are  without  adequate  basis.  Direct  light, 
fresh  air  and  proper  food  every  investigator  consid- 
ers essential  to  the  success  of  bis  experiment.  It  is  to 
his  advantage  to  keep  his  animals  in  the  best  possible 
condition.  I  have  myself  discharged,  on  the  instant 
I  discovered  his  offense,  a  laboratory  attendant  who 
neglected  to  feed,  on  one  day  only,  the  animals  under 
his  care,  and  in  my  experience  all  laboratory  heads 
are  especially  zealous  in  their  watch  over  the  animals 
for  which  they  are  responsible. 

A  very  significant  thing  in  connection  with  these 
charges  of  cruelty  is  the  fact  that  it  is  almost  impos- 
sible to  persuade  the  persons  who  make  the  charges  to 
come  to  our  laboratories  and  see  the  actual  conditions. 
Since  I  came  to  Philadelphia  in  1910  I  have  been  par- 
ticularly impressed  with  the  false  impression  given  the 
public  through  the  exhibit  and  literature  of  our  local 
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anvivisection  society,  and,  therefore,  personally  and 
through  the  dean  of  our  school,  I  invited  the  officers 
and  members  of  the  society  to  visit  our  laboratories. 
I  believed  that  they  were  honestly  laboring  under  a 
misapprehension  as  to  facts  and  would  gladly  avail 
themselves  of  the  opportunity  of  viewing  our  methods 
of  experimentation.  No  one,  however,  during  a 
period  of  three  years  responded  to  the  invitation. 
Finally,  last  spring,  when  1  repeated  my  invitation  in  a 
public  lecture,  two  members  of  the  local  society  came 
to  my  laboratory,  were  immediately  admitted,  saw  an 
operation  in  progress  at  the  time,  inspected  all  our 
apparatus  and  visited  the  kennels  in  which  were  many 
animals,  representing  a  great  variety  of  experiments. 

This  experience  I  present  in  order  to  demonstrate 
to  you  that  the  so-called  "closed  door**  of  our  so-called 
"halls  of  torture"  is  a  myth.  As  far  as  my  laboratorv 
is  concerned,  the  "closed  door"  does  not  exist,  and  I 
would  like  to  take  this  occasion  to  invite  any  member 
of  this  association  who  is  interested  to  visit  my  labora- 
tories, with  or  without  previous  appointment;  as  he 
or  she  prefers. 

-  I  am  willing  to  let  our  case  rest  with  this  brief 
presentation,  but  in  the  few  minutes  which  remain  I 
want  to  make  a  plea  for  both  animals  and  children. 
Your  society,  as  I  understand  its  purpose,  has  two 
objects :  the  prevention  of  cruelty  to  children  and  the 
prevention  of  cruelty  to  animals.  From  your  program 
I  judge  that  you  divide  your  activities  equally  between 
these  objects,  and  that  you  judge  each  of  equal  value. 
Your  efforts  are  directed  almost  solely  against  the 
human  agent ;  that  is,  you  protect  the  child  or  the  ani- 
mal from  man's  indifference,  thoughtlessness  or  care- 
lessness and  from  improper  exploitation  in  commerce 
and  industry.  With  the  sufferings  of  the  child,  due  to 
disease,  you  do  not  especially  concern  yourself;  this 
you  doubtless  regard  as  a  matter  for  hospitals,  dispen- 
saries and  other  medical  social  service  agencies.  Those 
of  you  who  have  much  to  do  with  investigating  the 
conditions  of  children  cannot,  however,  have  escaped 
being  impressed  with  the  influence  of  disease  in  caus- 
ing poverty,  and  is  it  not  poverty  that  your  agents  in 
the  vast  majority  of  cases  find  to  be  the  factor  respon- 
sible for  child  neglect?  Have  not,  therefore,  the 
humane  societies  and  the  medical  profession  a  com- 
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mon  mterest  in  this  matter  ?  Should  not  both  support 
those  individuals  who  endeavor,  even  though  some- 
times it  be  at  the  price  of  the  sacrifice  of  animal  life, 
to  diminish  disease  and  the  poverty  due  to  disease, 
and  thus  create  a  more  favorable  and  happier  environ- 
ment for  children? 

The  same  plea  may  be  made  for  the  smaller  domes- 
tic animals,  the  cat  and  the  dog.  The  suflfering  of  ani- 
mals due  to  man's  indifference  or  neglect  is  infinitesi- 
mal compared  with  that  caused  by  their  natural  dis- 
eases ;  but  no  humane  society,  as  far  as  I  am  aware, 
has  attempted  the  study  of  the  diseases  of  these  ani- 
mals. Money  in  considerable  amounts  is  furnished 
by  the  federal  government  and  by  a  considerable  num- 
ber of  our  states  for  the  study  of  the  diseases  of  ani- 
mals of  commercial  value,  or  of  importance  to  the 
industries.  Our  veterinary  schools  likewise  engage 
in  this  work,  but  all  these  agencies  have  in  mind  the 
economic  side,  not  the  humane.  One  would  expect  the 
veterinary  schools  to  study,  for  example,  the  diseases 
of  the  dog  and  cat,  but  in  this  country,  unlike  Germany, 
they  have  not,  and  they  hasten  to  inform  the  public 
that  they  do  not  study  experimentally  the  diseases  of 
these  animals,  because  if  they  did  they  would  lose- 
so  antagonistic  has  been  the  attitude  of  the  antivivisec- 
tionists — support  for  their  animal  clinics.  I  am  fullv 
aware  of  the  fact  that  a  few  humane  societies  have 
hospitals  and  dispensaries  for  the  treatment  of  dis- 
eased and  injured  animals,  but,  so  far  as  I  am  familiar 
with  the  situation  in  Philadelphia  and  New  York,  only 
a  small  number  of  animals  are  treated,  few  are  treated 
free,  and  in  no  instance  is  a  scientific  eflfort  made  to 
reach  a  better  understanding  of  the  cause,  course  and 
cure  of  their  diseases.  I  have  tried  to  interest  three 
of  the  local  societies  of  Philadelphia  in  this  matter, 
but  have  received  no  encouragement.  Societies  whose 
funds  are  largely  expended  in  the  wholesale  destruc- 
tion of  stray  and  diseased  animals  cannot  or  will  not 
see  the  advantage  to  be  gained  by  cooperating  with 
expert  medical  scientists  in  the  study  and  treatment  of 
animal  diseases.  One  would  think  that  the  discovery 
of  a  means  of  preventing,  combating  or  curing  an  ani- 
mal disease  would  be  the  greatest  triumph  for  which  a 
humane  society  could  labor.  The  only  reason  this 
ideal  is  not  held  is,  apparently,  the  attitude  of  a  few 
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individuals  who  oppose  all  experiments  on  animals, 
even  though  the  experiments  may  be  for  the  benefit  of 
the  animals  themselves.  Such  an  attitude  cannot  con- 
sistently or  conscientiously  be  adopted  by  a  national 
body  whose  efforts  are  truly  humane,  and  I  sincerely 
hope  that  the  time  will  come  when  humane  societies 
will  be  as  much  interested  in  preventing  the  sufferings 
of  animals  caused  by  disease  as  they  are  in  preventing 
those  for  which  man  is  responsible. 

Your  common  interest  in  the  child  and  the  animal 
demands  that  you  should  support  and  be  supported  by 
the  medical  profession,  and  to  this  end  there  should 
be  the  closest  cooperation  in  behalf  of  both  child  and 
animal ;  but  if  you  will  not  cooperate  with  us  in  behalf 
of  the  animal,  do  not,  by  all  that  the  present-day  spirit 
of  social  service  holds  as  progressive,  altruistic  and 
humane,  obstruct  our  work  in  behalf  of  the  child. 
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I  seize  with  avidity  the  opportunity  furnished  me 
as  your  retiring  president  to  discuss  a  subject  which 
I  am  anxious  should  have  your  earnest  consideration. 
Biological  research  includes  many  things.  I  mean  to 
limit  myself  to  those  phases  of  it  which  require  the 
experimental  use  of  living  animals.  And  I  grasp  this 
opportunity  because  I  feel  that  our  colleagues  in  other 
fields  of  scientific  eflfort  do  not  always  fully  perceive 
the  value  of  the  knowledge  attained  by  this  means ;  and 
that  they  do  not  at  all  appreciate  the  danger  that  free- 
dom of  research  in  these  lines  may  be  seriously  ham- 
pered by  hostile  legislation  or  misdirected  public 
opinion. 

You  who  are  engaged  in  various  lines  of  research 
will  appreciate  the  fact  that  the  immediate  application 
of  a  discovery  is  no  fair  measure  of  its  value ;  the  ulti- 
mate results  of  the  knowledge  obtained  may  become 
extremely  far-reaching.  It  is  in  the  creation  of  a  back- 
ground of  knowledge  and  experience  that  the  greatest 
good  is  to  be  obtained.  Often  we  point  with  enthusi- 
asm to  certain  noteworthy  scientific  achievements,  and 
yet  fail  to  perceive  that  these  have  become  possible  only 
through  the  accumulation  of  a  multitude  of  small 
details,  the  results  attained  by  the  humdrum  plodding 
of  patient  mediocrity. 

The  creative  imagination  of  genius  is  creative,  after 
all,  only  in  the  ability  to  make  novel  combinations  of 
known  elements.  The  successive  steps  in  the  progress 
of  knowledge  are  absolutely  essential.  The  difference 
between  the  genius  and  the  common  man  is  not  that 

*  President's  address  before  the  California  Chapter  of  the  Sigma 
Xi,    April    28,    1915. 
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the  former  proceeds  by  longer  steps,  but  that  he  takes 
them  more  rapidly — often  so  rapidly  that  he  is  hardly 
himself  aware  of  the  intermediate  positions. 

As  an  example  of  the  results  of  the  experimental 
method  I  want  to  speak  first  of  the  progress  of  knowl- 
edge of  the  circulatory  system — the  heart  and  blood 
vessels  and  their  mode  of  functioning. 

The  beginning  of  definite  scientific  knowledge  on  this 
subject  may  be  said  to  date  from  the  publication  by 
William  Harvey  in  1628,  of  "De  Motu  Cordis  et  San- 
guinis/' "The  Movement  of  the  Heart  and  Blood." 

There  was  not  lacking  -before  the  time  of  Harvey 
quite  complete  and  accurate  knowledge  of  anatomy  of 
the  organs  of  the  circulation;  the  structure  of  the 
heart,  the  arrangement  and  distribution  of  the  blood 
vessels,  and  the  valves  of  the  veins  were  well  known. 
Notwithstanding  this  there  existed  in  the  minds  of 
anatomists  and  medical  men  the  most  bizarre  and 
remarkable  explanations  of  the  uses  of  these  structures. 
I  can  perhaps  illustrate  no  better  than  by  a  few  quota- 
tions from  Harvey  showing  the  kind  of  notions  against 
which  he  had  to  contend  in  teaching  the  doctrine  of 
the  circulation  of  the  blood.  In  the  Introduction  to 
"De  Motu  Cordis  et  Sanguinis": 

Did  the  arteries  in  their  diastole  take  air  into  their  cavities 
as  commonly  stated  and  in  their  systole  emit  fuliginous 
vapors  by  the  same  pores  of  the  flesh  and  skin;  and  further 
did  they  in  the  time  intermediate  between  the  diastole  and 
the  systole,  contain  air,  and  at  all  times  either  air,  or  spirits 
or  fuliginous  vapors,  what  should  then  be  said  to  Galen,  who 
wrote  a  book  on  purpose  to  show  that  the  arteries  contained 
blood  only?     .    .     . 

And  if  the  arteries  in  their  systole  expel  fuliginous  vapors 
from  their  cavities  through  the  pores  of  the  flesh  and  skin, 
why  not  the  spirits,  which  are  said  to  be  contained  in  these 
vessels,  at  the  same  time,  since  spirits  are  much  more  subtle 
than  fuliginot^s  vapors,  or  smoke? 

But  Harvey,  instead  of  merely  spectUating  upon  the 
functions  as  they  might  be  inferred  from  appearances 
in  the  dead  animal,  put  everything  possible  to  the  test 
of  observation  and  experiment  in  the  living  animal,  and 
as  a  result  was  able  to  state  his  reasons  for  the  belief 
in  the  circulation  of  the  blood  in  language  which  can 
hardly  be  improved  upon  today.  The  different  atti- 
tude of  mind  resulting  from  his  practice  of  observation 
and  experiment  is  shown  in  his  assertion 
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That  the  facts  cognizable  by  the  senses  wait  upon  no 
opinions,  and  that  the  works  of  nature  bow  to  no  antiquity; 
for  indeed  there  is  nothing  more  ancient  or  of  higher  author- 
ity than  nature. 

Contrast  with  this  the  views  against  which  he  had 
to  strive  as  shown  by  another  quotation  from  the  same 
book : 

Medical  schools  admit  three  kinds  of  spirits;  the  natural 
spirits  flowing  through  the  veitis,  the  vital  spirits  through  the 
arteries,  and  the  animal  spirits  through  the  nerves.    .    .    . 

Farther,  besides  the  three  orders  of  influxive  spirits 
adverted  to,  a  like  number  of  inplanted  or  stationary  spirits 
seem  to  be  acknowledged ;  but'  we  have  found  none  of  these 
spirits  by  dissection  neither  in  the  veins,  nerves,  arteries, 
nor  other  parts  of  living  animals. 

It  was  never  permitted  Harvey  to  know  the  exact 
method  by  which  the  blood  passed  from  the  termina- 
tions of  the  arteries  to  the  beginnings  of  the  veins ;  for 
no  microscope  suitable  for  the  observation  of  the  capil- 
laries had  then  been  invented.  This  final  step  was 
reached  by  Malpighi  in  1661  just  four  years  after 
Harvey's  death. 

After  the  fact  of  the  circulation  had  been  established, 
it  began  to  be  possible  to  investigate  the  mode  of 
working  of  the  circulatory  apparatus.  The  first  impor- 
tant step  in  this  direction  was  taken  by  the  Reverend 
Stephen  Hales,  a  Church  of  England  clerg)rman,  who 
tied  into  the  femoral  artery  of  the  horse  a  glass  tube 
nine  feet  high  and  noted  the  height  to  which  the  blood 
rose.  He  was  able  to  report  an  average  pressure  of 
the  blood  in  the  artery  sufficient  to  support  a  column 
of  liquid  eight  feet  three  inches  in  height,  while  the 
blood  rose  at  the  same  time  to  less  than  one  foot  in  the 
corresponding  vein.  He  observed  also  fluctuations  in 
pressure  due  to  the  individual  heart  beats,  to  the  move- 
ments of  respiration  and  to  other  causes.  The  details 
of  his  experiments  were  communicated  to  the  Royal 
Society  of  which  he  was  a  fellow  and  were  published 
in  1733  in  a  work  entitled  "Statical  Essays,  Containing 
Haemostaticks." 

The  method  employed  by  Hales  was  extremely  incon- 
venient on  account  of  height  of  the  tube.  Moreover, 
it  introduced  a  greatly  disturbing  factor,  namely,  the 
loss  of  blood  from  the  vessels  of  the  animal  into  the 
tube.  These  inconveniences  were  overcome  by  the  use 
of  the  mercury  manometer  by  Poiseuille  (in  1828).  But 
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the  careful  and  detailed  study  of  blood  pressure  dates 
from  the  invention  by  Ludwig  (1847)  of  an  exact 
method  of  recording  blood  pressures.  From  that  time 
onward,  not  only  in  Ludwig's  laboratory  where  many 
of  the  generation  of  physiologists  just  passing  were 
trained  in  the  methods  of  their  science,  but  in  all  the 
physiological  laboratories  of  the  world  has  the  study 
of   blood  pressure  been  continued. 

It  is  impossible  here  to  summarize  all  the  facts  of 
importance  that  have  been  the  outgrowth  of  these 
investigations,  and  of  others,  connected  with  the  func- 
tions of  the  circulatory  system,  and  which  could  have 
been  learned  in  no  other  way  than  by  experiments 
on  living  animals. 

The  heart  is  a  pump  driving  an  incompressible  liquid 
through  a  completely  closed  system  of  branching  elastic 
tubes,  the  terminal  connections  of  the  outflow  and 
inflow  portions  of  the  system  being  all  of  capillary 
size.  The  study  of  this  system  presents  a  series  of 
difficult  problems  in  hydrodynamics,  in  which  all  the 
relations  of  force,  rate  and  output  of  the  pump,  the 
heart,  and  the  pressure,  and  friction  conditions  in  the 
arteries,  veins  and  capillaries  must  be  considered. 

But  this  machinery  is  all  composed  of  living  tissues 
which  are  interacting  and  self  regulatory  to  an  extraor- 
dinary degree. 

The  discovery  by  Claude  Bernard,  and  others,  of 
the  existence  of  vasomotor  nerves  through  which  the 
caliber  of  the  arteries  may  be  changed,  regulated  and 
controlled,  thus  adjusting  the  resistance  to  the  ability 
of  the  heart,  and  also  providing  that  the  heavier  flow^ 
of  blood  may  be  shunted  from  one  set  of  organs  to 
another  according  to  the  needs  of  the  body,  is  of  prime 
importance ;  so  also  was  the  discovery  by  Weber  of  the 
inhibitory  action  of  the  vagus  nerve  upon  the  heart, 
which,  acting  like  a  brake  on  that  organ,  keeps  its  action 
always  under  definite  control ;  and  the  discovery  by 
V.  Cyon  of  the  accelerator  nerves  whose  function  is  in 
direct  opposition  to  that  of  the  vagus.  Further,  v. 
Cyon  found  that  a  special  nerve,  the  depressor,  carry- 
ing impulses  from  the  heart  and  the  great  blood 
vessels  to  the  brain,  causes,  when  excited,  a  dilatation 
of  the  peripheral  vessels  and  consequent  reduction  of 
the  pjessure  against  which  the  heart  must  work.  None 
of  these  things  could  have  been  guessed  from  the  studv 
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of  the  anatomical  structures,  nor  could  they  ever  have 
been  found  out  in  any  other  way  than  by  experiments 
on  living  animals. 

But  it  may  be  asked,  Has  this  knowledge  any  value  ? 
Has  it  any  practical  application  ?  Is  it  useful  only  for 
the  gratification  of  mere  curiosity? 

Putting  aside  for  the  present  the  implication  in  the 
expression  "mere  curiosity"  which  we  hear  so  often  in 
this  connection  I  may  answer  that  it  is  now  possible  to 
measure  the  blood  pressure  in  man  without  resort  to 
the  method  of  Hales ;  no  blood  vessel  has  to  be  opened 
and  no  pain  has  to  be  inflicted.  Blood  pressure  deter- 
mination forms  a  part  of  every  examination  for  life 
insurance,  and  of  the  routine  of  nearly  every  present- 
day  medical  examination.  In  certain  conditions  its 
measurement  is  of  the  most  extreme  importance.  It 
gives  exact,  quantitative  information  on  the  state  of 
the  heart  and  blood  vessels  that  could  be  obtained  in 
no  other  way.  And  the  usefulness  of  this  information 
so  far  from  being  confined  to  diagnosis  of  disease  of 
these  organs  themselves  is  quite  as  important  in  the 
light  it  throws  on  the  functioning  of  other  organs. 

I  have  given  this  rather  disproportionately  long 
statement  of  the  physiology  of  the  circulation  to 
make  very  specific  what  I  mean  in  saying  that  the 
importance  of  most  investigations  is  to  be  found  not 
in  the  direct  application  of  the  specific  discoveries  but 
in  the  reflex  effect  of  these  on  all  related  work.  Anti- 
vivisectionists  use  the  knowledge  which  has  been 
obtained  by  experiments  on  living  animals.  No  mod- 
ern physician  can  i(fr  a  single  hour  free  himself  from 
the  deepest  obligation  to  vivisection  experiments, 
although  he  may  never  himself  have  made  such 
experiments. 

It  is  quite  true  that  human  blood  pressure  may  now 
be  determined  without  opening  an  artery  and  that  the 
principles  may  now  be  explained  without  appeal  to 
animal  experiments ;  but  I  believe  it  to  be  equally  true 
that  this  would  not  now  be  possible,  and  that  neither 
the  method  of  blood  pressure  determination  nor  its 
significance  would  now  be  known  if  the  long  series  of 
vivisections  had  not  first  occurred. 

In  this  connection  it  will  be  appropriate  to  say  a 
word  about  surgical  shock.  Every  one  realizes  that  as 
surgery  is  practiced  today  the  chance  of  coming  out  of 


a  major  surgical  operation  is  always  good,  yet  it  is 
no  light  matter ;  there  is  usually  real  danger ;  and  the 
memory  still  remains  with  us  of  friends  or  acquain- 
tances who  in  an  otherwise  not  serious  operation  suc- 
cumbed to  shock.  Shock  is  a  peculiar  complex  not  easy 
to  define.  There  is  not  usually  the  suddenness  which 
the  word  implies  to  the  lay  mind ;  but  there  is  a  great 
depression  of  the  functional  activities;  and  most 
marked  of  all  its  symptoms  is  an  excessive  fall  of  blood 
pressure.  To  discover  the  real  nature  of  shock  and 
thus  to  furnish  the  surgeon  the  means  of  its  avoidance 
is  no  small  boon  to  humanity.  With  this  purpose  in 
view  many  researches  have  been  carried  on.  It  has 
not  been  easy  to  find  the  true  cause  of  the  lowered 
blood  pressure  but  much  progress  has  been  made.  The 
investigators  in  this  particular  line  have  apparently 
been  singled  out  as  the  objects  of  attacks  of  especial 
virulence,  and  are  assailed  with  such  terms  as  "brute," 
"savage,"  "arch  fiend,"  "torturer,"  "devil  in  human 
form." 

I  have  selected  the  history  of  the  study  of  blood  pres- 
sure on  account  of  its  comparative  freedom  from  those 
details  which  appeal  to  the  emotional  and  dramatic 
side  of  human  nature.  I  have  used  it  to  illustrate  the 
growth  of  knowledge  sought  for  its  own  sake  into 
knowledge  which  is  applied  to  the  good  of  man.  But 
I  have  merely  touched  upon  the  latter.  Let  me  empha- 
size again  that  the  great  importance  is  not  in  the  value 
of  this  or  that  specific  detail,  but  in  the  great  back- 
ground which  has  been  built  up,  which  enables  us  to 
gain  and  to  interpret  new  knowledge,  and  to  see  things 
in  a  proper  perspective. 

The  physiology  of  digestion  might  have  served 
equally  well  to  illustrate  the  same  truths.  We  owe  to 
Pawlow  and  other  workers  in  this  line  a  mass  of  knowl- 
edge of  prime  importance  to  man,  and  this  could  not 
have  been  obtained  in  any  other  way  than  by  vivisec- 
tion. It  is  true  that  a  few  unfortunate  human  beings 
have  had  gastric  fistulas  formed  through  accident,  and 
they  have  been  used  to  study  processes  going  on  in 
the  living  stomach.  But  these  studies  have  had  no 
such  orderliness  as  those  in  which  upon  animals  defin- 
itely planned  and  controllable  operations  have  been 
made.  Indeed,  the  human  observations  have  been 
mainly  useful  to  check  up  the  observations  on  animals 


and  to  see  whether  for  some  reason  conclusions  drawn 
from  animals  might  not  be  wholly  applicable  to  man. 

To  experiments  on  living  animals  we  owe  most  of 
what  is  known  of  the  functions  of  the  various  parts 
of  the  nervous  system.  The  possibility  of  diagnosis 
of  the  seat  of  nerve  tumors,  of  injuries,  of  pressure  due 
to  blood-clot  and  the  like,  in  many  instances  depends 
upon  knowledge  of  cerebral  localization  first  discovered 
by  experiment  on  the  brain  of  the  dog. 

We  are  just  now  at  the  entrance  into  a  new  era 
in  the  history  of  physiological  science.  The  study  of 
the  glands  of  internal  secretion  is  widening  and  deep- 
ening our  vision  of  the  life  processes,  and'  I  confidently 
believe  that  the  next  decade  or  two  will  be  most  fruit- 
ful in  this  comparatively  new  field  of  research. 
Already  we  have  use  of  adrenalin,  and  various  gland 
extracts.  Nearly  all  our  exact  knowledge  of  this  field 
is  based  on  vivisection. 

It  is  not  the  purpose  of  this  paper  to  go  into  the 
enumeration  of  specific  instances  of  the  value  of  bio- 
logical research;  many  of  them  are  already  familiar; 
some  of  them  are,  rightly  considered,  among  the  great- 
est achievements  of  the  human  race.  You  know  that 
the  event  celebrated  by  the  great  Exposition  whose 
lights  are  at  this  moment  blazing  across  the  Bay  could 
not  have  been  accomplished  if  malaria  had  not  first 
been  conquered  through  biological  research ;  you  know 
that  Havana  by  the*  same  means  has  been  changed  from 
a  seed  bed  of  yellow  fever  to  a  healthy  port  and  has 
ceased  to  be  a  menace  to  our  own  southern  coast.  You 
know  that  while  occasional  deaths  from  diphtheria  still 
occur,  the  intelligent  use  of  antitoxin  has  dispelled  the 
dread  and  the  terror  which  its  presence  in  any  com- 
munity formerly  produced;  that  a  knowledge  of  the 
Pasteur  treatment  for  rabies  has  reduced  the  death 
rate  from  that  horrible  disease  from  15  per  cent,  to 
about  0.3  of  1  per  cent.  These  and  the  like  achieve- 
ments are  what  the  Hon.  Stephen  Coleridge,  honorary 
secretary  of  the  English  National  Antivivisection  Soci- 
ety, has  eloquently  denominated  "The  desolating 
advance  of  science.'* 

You  know  all  these  things  and  much  more,  of  the 
value  of  the  achievements  of  biological  research.  But 
you  probably  do  not  know  or,  knowing,  do  not  realize 
the   vigor   of   opposition   to   all   this   eflFort   for  the 
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advance  of  knowledge  and  the  good  of  humanity.  The 
danger  of  limiting,  harmful  restrictions  is  imminent 
and  absolute  prohibition  is  not  improbable. 

In  England  for  years  it  has  been  necessary,  if  one 
wishes  to  perform  a  single  vivisection  experiment,  to 
procure  a  license.  It  is  much  easier  to  get  a  license  to 
run  a  low  grogshop.  Any  man  may  without  a  license 
and  with  practically  no  regard  for  the  sensations  of  the 
animals  rip  out  the  testes  from  a  boar  or  dog,  merdy 
because  it  suits  his  convenience  or  his  whim  or  his 
purse  to  have  his  animals  gelded ;  but  if  a  physiologist 
wishes  to  make,  the  same  operation  for  the  purpose  of 
scientific  observation  on  the  eflfects  of  castration  he 
must*  secure  a  license  statingwith  precision  the  buildii^ 
where  this  is  to  be  done,  and  the  purpose  of  the  experi- 
ment, and  he  must,  he  has  no  option,  perform  the 
operation  under  complete  anesthesia. 

In. this  country  at  present  the  opponents  of  biological 
research  point  to  England  as  the  model  country. 
But  in  England  they  continue  the  agitation  for 
further  regulation  or  complete  prohibition,  and  they 
continue  to  persecute  the  licensees  with  persistent  vilifi- 
cation and  misrepresentation. 

It  would  be  out  of  place  for  me  to  take  your  time 
in  a  statement  of  the  peculiarly  extravagant  and  unsci- 
entific views  of  the  opponents  of  biological  and  medical 
research  if  it  were  not  that  there  is  a  real  danger  of 
the  enactment  of  pernicious  and  obstructive  legislation. 
A  situation  exists  in  which  we  who  are  doing  what  we 
believe  to  be  an  important  work  for  humanity  need 
your  active  cooperation,  sympathy  and  support. 

1.  Practically  all  antivivisectionists  agree  in  the 
charge  that  experiments  on  living  animals  are  necessar- 
ily cruel. 

Now  cruelty  implies  the  infliction  of  needless  or 
avoidable  pain.  No  one  justifies  or  can  justify  cruelty 
in  experimentation  any  more  than  he  can  justify  cruelty 
in  any  other  action.  But  in  the  question  of  pain  the 
unbiased  individual  will  see  that  no  one  is  so  well 
qualified  to  judge  as  the  experienced  physiologist  or 
surgeon.  It  would  require  the  whole  evening  to  dis- 
cuss this  one  subject.  Allow  me  to  point  out  in  brief 
the  following: 

The  experimenter,  even  if  he  were  really  cruel, 
would  usually  defeat  his  own  ends  by  the  infliction  of 


pain  (a)  because  the  pain  impulses  would  cause  dis- 
turbance of  the  normal  functions  which  he  seeks  to  dis- 
cover and  (b)  because  the  struggles  of  a  suffering  ani- 
mal would  disturb  the  adjustment  of  apparatus  and 
prevent  the  desired  observation.  It  is  the  total  igno- 
rance of  the  real  situation  that  causes  so  much  empha- 
sis to  be  laid  upon  this  point  by  the  opponents  of 
research. 

On  the  other  hand,  it  is  the  fact  that  most  vivisection 
experiments  as  actually  performed,  are  done  under  deep 
anesthesia  or  narcosis— usually  for  obvious  reasons 
much  deeper  than  would  dare  be  employed  in  human 
surgery.  Now  the  opponents  of  research  insist  that 
anesthetics  are  not  given,  or  that  when  giveh  the 
attempt  at  anesthesia  is  a  mere  blind,  and  that  the  ani- 
mals are  allowed  to  undergo  torture.  Most  of  this  dis- 
cussion is  by  people  who  never  gave  an  anesthetic,  who 
would  not  know  when  an  animal  could  be  judged 
unconscious,  and  who  would  be  unable  to  form  an  intel- 
ligent opinion  as  to  whether  movements  of  the  animal 
were  unconscious  reflexes  or  purposeful  struggles. 

But  why  assume,  as  every  one  of  the  antivivisection- 
ists  does  seem  to  assume,  that  all  persons  engaged  in 
animal  experimentation  are  necessarily  cruel  ?  As  one 
reads  their  publications  he  finds  that  always  the  experi- 
menter is  supposed  to  delight  in  torture.  In  fact  he 
is  spoken  of  over  and  over  again  as  "arch-fiend,"  "tor- 
turer," "devil  in  human  form"  and  the  like.  Can  they 
see  no  other  purpose?  No  other  motive?  Has  the 
eminent  head  of  our  department  of  pathology  exposed 
himself  week  after  week  to  the  danger  of  infection 
with  typhoid,  tuberculosis  and  what  not,  merely 
because  he  has  a  fiendish  delight  in  seeing  the  quivering 
of  flesh  and  hearing  the  plaintive  squeal  of  guinea-pigs 
when  he  thrusts  the  hypodermic  into  them?  Why 
would  not  a  plain  needle  serve  equally?  The  point  of 
view  is  so  absurd  that  it  should  require  no  discussion 
among  intelligent  people. 

It  is  charged,  however,  that  the  practice  of  vivisec- 
tion tends  to  induce  a  disregard  for  the  sufferings  of 
animals  and  brutalizes  the  mind  and  conduct  of  the 
experimenter.  Now  it  happens  that  I  have  a  pretty 
wide  acquaintance  among  physiologists,  and  I  have 
known  some  of  the  most  accused  vivisectors  rather 
intimately.    Of  course  they  are  not  all  alike,  they  differ 
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as  other  men  differ.  But  on  the  Average  in  point  of 
humane,  kindly  sympathy  they  stand  above  their  col- 
leagues. And  the  reason  for  this  is  clear  to  him  who 
will  listen  to  reason.  They  have  gone  into  this  work 
because  the  higher  human  sympathy  has  appealed  to 
them;  they  have  sought  earnestly  for  those  things 
which  will  relieve  or  prevent  suflfering;  their  lives  are 
given  to  the  solution  of  problems  the  ultimate  end  of 
which  is  found  in  the  very  things  about  which  they 
are  charged  to  be  wholly  indifferent. 

Not  only  is  it  not  true  that  vivisection  experiments 
tend  to  make  the  experimenter  callous ;  the  reverse  is 
actually  the  case.  I  can  testify  from  my  own  experi- 
ence that  it  is  harder  to  make  the  fiftieth  experiment 
than  the  first ;  that  one's  sympathies  are  more  and  more 
awakened  rather  than  destroyed.  Indeed,  most  of  the 
stories  told  to  illustrate  the  brutality  of  vivisectors  in 
things  aside  from  the  experiments  themselves  are  in 
the  highest  degree  improbable.  As,  for  example,  the 
statement  that  Dr.  Sweet,  of  the  University  of  Penn- 
sylvania, kicked  across  the  basement  floor  a  poor  ema- 
ciated dog  on  which  he  had  operated.  An  operated 
animal  is  too  valuable  to  be  used  in  this  way. 

Were  I  to  descend  to  the'methods  of  our  detractors 
I  might  use  the  following  from  my  own  experience  to 
prove  that  antivivisection  doctrine  induces  brutality. 

I  was  once  teaching  in  a  small  college  the  president 
of  which  was  an  ardent  antivivisectionist.  One  day  I 
received  by  mail  a  large  poisonous  centipede,  carelessly 
enclosed  in  an  unlabeled  box.  I  made  haste  to  get  it 
into  a  wide-mouthed  bottle.  I  had  just  succeeded  when 
the  president  came  into  the  room  followed  by  a  stray 
dog.  There  was  a  rule  that  dogs  were  not  to  be  allowed 
in  these  rooms.  The  president  took  me  roughly  to 
task  for  allowing  the  poor  centipede  to  suffer  for  lack 
of  air  in  the  bottle.  Then,  seeing  the  dog,  he  asked  if  it 
was  mine?  When  I  told  him  it  was  not  he  ordered  it 
out  of  the  room.  The  poor  animal  instead  of  obeying 
crouched  on  the  floor  and  the  president  kicked  it 
brutally  and  cruelly  across  the  room  and  through  the 
entrance.  Yet  he  could  declaim  with  tearful  voice  upon 
Llewellyn's  faithful  hound  Gelert! 

It  should  be  emphasized  here  that  the  lower  animals 
themselves  gain  immensely  from  the  results  of  vivisec- 
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tion  and  of  experiments  on  living  animals.  The  same 
advantages  of  protective  serums  and  antitoxins  are 
made  available  for  them  as  for  the  human.  The  Agri- 
culture Department  of  the  University  of  California  at 
the  present  time  makes  and  distributes  hog  cholera 
serum.  The  Report  of  the  College  of  Agriculture  for 
the  year  1913-14  states  that  when  a  herd  of  hogs 
becomes  infected  and  is  not  treated  with  serum  forty 
to  eighty  per  cent,  of  the  animals  die.  I  am  told  by 
experienced  and  unprejudiced  stock  raisers  that  this 
estimate  errs  on  the  side  of  conservatism.  The  report 
shows  further  the  following  figures  for  a  diseased  herd 
treated  with  the  serum : 

Died  before  vaccination 92 

Sick  when  vaccinated 123 

Number  vaccinated  1,656 

Died  after  vaccination 233 

Per  cent,  of  loss 19 

That  is  the  conservative  statement  of  the  report. 
There  should  actually  be  deducted  the  123  sick  when 
vaccinated,  for  vaccination  does  not  help  those  already 
sick  with  the  disease.  That  reduces  the  percentage  to 
15  as  compared  with  40  to  80  per  cent,  when 
unvaccinated. 

Now  the  vaccine  can  not  be  prepared  without  opera- 
tion on  living  animals ;  and  the  method  and  the  under- 
lying idea  could  never  have  been  reached  except 
through  animal  experimentation. 

This  may  serve  as  a  near-by  example  of  what  is  done 
and  as  a  forecast  of  what  will  be  done  for  the  animals 
themselves.  The  very  beginning  of  Pasteur's  famous 
work  was  for  the  conservation  of  animal  health.  To 
this  really  great  end  none  of  the  opponents  of  vivisec- 
tion has  contributed  an  iota. 

2.  It  is  affirmed  by  most  antivivisectionists  that 
experiments  on  animals  are  useless  in  that  no  knowl- 
edge of  any  real  value  has  ever  been  attained  in  that 
way.  This  attitude  is  well  illustrated  in  a  recent  cir- 
cular entitled  "Claim  Everything,"  issued  by  the 
American  Antivivisection  Society.  This  circular  is 
intended  to  be  a  rebuttal  to  an  article  by  Dr.  W.  W. 
Keen  in  the  Scientific  American  of  June  20,  1914.  The 
statements  in  the  circular  are  on  the  authority  of  the 
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president  of  the  British  Union  for  the  Abolition  of 
Vivisection.    The  circular  says, 

Brain  surgery  owes  nothing  to  animal  experimentation. 
In  brain,  above  all,  the  animal  differs  from  man. 

This  appeals  to  a  multitude  of  voters  who  do  not 
know  that  motor  localization  was  discovered  by  Fritsch 
and  Hitzig  on  the  brain  of  a  dog.  Dr.  Keen  had 
referred  to  the  new  and  highly  successful  methods  of 
direct  transfusion  of  blood.    The  circular  states, 

The  direct  transfusion  of  blood  needs  no  experiments  with 
animals,  nor  is  the  operation  itself  necessary. 

The  curious  psychological  twist  in  the  reasoning  of 
the  opponents  of  progress  in  scientific  medicine  is 
shown  in  the  following  quotations  from  the  same  cir- 
cular, copied  verbatim,  except  that  to  save  the  space 
of  comment  I  have  inserted  the  italics: 

Operations  for  goiter,  again,  depend  upon  the  aseptic  treat- 
ment. 

Diphtheria  has  been  reduced  solely  by  sanitary  measures. 

Malaria  has  been  abolished  by  sanitation. 

Yellow  fever  can  not  have  been  abolished  by  any  means 
based  on  experiments  on  animals,  because  the  germ  has  never 
been  found  to  experiment  with. 

Discovery  of  salvarsan.  This  had  better  never  have  been 
made. 

Every  one  familiar  with  the  history  of  hygiene  and 
sanitation  knows  how  much  of  our  knowledge  and  our 
point  of  view  has  been  obtained  through  experiments 
on  animals.  Prohibit  animal  experimentation  and 
progress  in  hygiene  and  sanitation  would  be  practically 
brought  to  a  standstill.  Yet  the  opponents  of  research 
reiterate  the  statement  that  hygiene  and  not  experi- 
mentation has  enabled  us  to  advance,  and  hence  that 
experimentation  is  useless.  Where  a  forward  step  has 
been  made  which  is  not  attributable  to  "hygiene,"  as 
in  the  case  of  direct  blood  transfusion,  its  usefulness 
is  flatly  denied. 

In  most  literature  of  this  kind  you  will  find 
expressed  or  implied  a  denial  of  the  whole  range  of 
scientific  knowledge  as  to  the  relation  of  microbes  to 
disease.  They  refer  to  serums,  vaccines  and  antitoxins 
in  terms  of  profound  contempt  such  as  "rotten  animal 
pus." 
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3.  Another  argument  is  based  on  the  so-called 
"rights  of  animals."  As  a  question  of  theoretical 
ethics  I  am  willing  to  leave  that  for  the  present  to  the 
philosophers.  I  can  not  argue  with  the  man  who 
insists  that  his  dog  and  his  hog  are  as  good  as  he  is ; 
that  he  has  no  right  to  restrain  the  one  or  to  eat  the 
other.  If  he  refuse  to  eat  meat,  or  eggs,  drink  milk, 
use  leather,  wool  or  other  animal  products  for  cloth- 
ing or  shelter;  if  he  refuse  to  make  counter  attacks 
against  the  lions  or  serpents  which  attack  him,  he  is 
consistent;  I  cannot  argue  with  him;  I  can  merely 
watch  him  go  his  way  in  the  procession  with  the  trilo- 
bite,  the  ichthyosaurus  and  the  dodo.  But  intensely 
practical  questions  arise  and  must  be  met.  And  the 
life  of  a  relatively  few  animals  is  placed  against  the 
life  and  health  and  comfort  of  the  human  race.  The 
antivivisectionist  insists  that  even  if  you  grant  that 
the  injury  to  the  guinea-pig  or  the  rabbit  or  the  horse 
will  save  the  life  of  a  child  you  have  no  right  to  save 
it  in  that  way.  If  there  is  no  room  in  the  life-boat  for 
the  woman  and  the  dog  you  have  no  right  to  push  out 
the  dog  to  make  room  for  the  woman. 

But  here  I  want  to  take  issue  squarely  with  the  claim 
that  we  have  no  right  to  make  experiments  which  cause 
pain  —  that  is  a  fatal  admission  which  some  of  the 
English  physiologists  have  made.  We  have  a  right  to 
perform  painful  experiments  if  the  knowledge  that 
we  seek  can  be  obtained  in  no  other  way.  Ordinarily 
it  can  be  obtained  better  without  pain,  or  can  only  be 
obtained  in  the  absence  of  pain,  but  the  principle 
remains.  So  long  as  man  lives  in  the  same  world  with 
other  animals,  eating  to  some  extent  the  same  food, 
subject  to  a  large  extent  to  the  same  diseases,  it  will 
be  necessary  for  man  either  to  maintain  the  mastery  or 
to  become  one  of  the  beasts  of  the  field  himself. 

But  especially  I  can  not  see  why  experiments  for  the 
good  of  humanity  and  for  the  benefit  of  the  animals 
themselves  should  be  prohibited  on  the  ground  of 
cruelty  and  the  absence  of  right,  in  the  light  of  the  per- 
mission of  many  other  things.  The  castration  of  an 
animal  as  performed  on  the  farm  by  far  exceeds  in 
pain  and  callousness  of  performance  anything  which 
I  have  ever  witnessed  in  a  laboratory.  A  few  hundred 
animals  are  used  in  all  our  laboratories  for  all  pur- 
poses.   The  census  Report  shows  that  in  California  in 
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1909,  there  were  born  163,728  bull  calves.  It  is  fair 
to  assume  that  150,000  were  castrated.  There  were 
born  41,927  colts.  Of  these  approximately  one  half 
were  probably  males,  and  making  deductions  for  those 
kept  as  stallions,  there  were  here  at  the  lowest  esti- 
mate 19,000  gel(Ungs.  There  were  283,741  pigs  bom, 
which  means  probably  135,000  males  to  have  their 
testes  ripped  out.  A  total  each  year  in  California  of 
304,000  operations.  Comparing  these  in  number  and 
violence  with  the  work  in  biological  laboratories  and 
medical  schools,  the  latter  becomes  wholly  insignificant. 
But  the  gelding  of  the  boar  does  not  have  the  emo- 
tional appeal  in  it  and  we  hear  little  about  it.  Dehorn- 
ing of  cattle  is  a  painful  operation,  but  it  saves  vastly 
more  pain  which  would  result  from  the  injury  which, 
without  it,  they  would  inflict  upon  one  another. 

4.  It  is  urged  that  certain  results  of  undoubted 
value  (or  from  the  standpoint  of  the  opponents  of 
research,  of  possible  value)  could  have  been  reached  by 
some  other  way.  This  is  a  line  of  reasoning  which  has 
been  used  with  a  great  flourish  of  apparent  candor  and 
show  of  plausibility.  A  biologist  having  by  a  long  and 
painstaking  series  of  experiments  found  the  solution  of 
a  problem,  a  pettifogger  takes  that  solution  and  shows 
by  a  play  on  words,  how  he  could,  without  experiment, 
have  derived  the  same  conclusion  from  certain  given 
data.  This  is  the  basis  of  the  constant  appeal  to 
hygiene,  as  the  means  of  prevention  of  disease;  while 
the  very  principles  of  hygiene  are  based  throughout  on 
animal  experimentation. 

I  have  read  recently  with  great  interest  two  books, 
accounts  of  journeys  over  practically  the  same  ground, 
the  journey  from  Mombasa  on  the  East  African  coast 
to  the  great  lakes  at  the  source  of  the  Nile.  The  one 
is  by  Lieutenant  Speke,  the  other  by  Colonel  Roose- 
velt. Speke  traveled  in  constant  danger  and  discom- 
fort, beset  with  discouragements  and  the  opposition  of 
treacherous  natives,  in  an  unexplored,  unknown  land. 
Roosevelt  made  the  trip  by  railroad.  Our  antivivisec- 
tion  opponents  continually  upbraid  us  for  traveling 
like  Speke  in  the  difficult,  uncharted  territory,  when 
we  might  wait  and  go  de  luxe  in  a  Pullman :  Will  they 
build  the  road  while  we  wait? 

5.  A  further  charge  is  urged  against  vivisection,  that 
it  leads  to  a  state  of  mind  which  will  not  hesitate  to 
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make  similar  experiments  on  man.  Human  vivisection 
is  held  up  as  the  acme  of  fiendish  impulses  of  the 
biologist,  physiologist  or  surgeon.  A  hospital  is  a 
place  of  unspeakable  horrors. 

Now  on  this  I  must  make  two  remarks :  ( 1 )  That 
any  thinking  man  will  see  that  certain  observations  may 
be  made  on  a  patient  without  injury  or  pain  to  the 
patient,  and  that  if  these  observations  or  experiments 
furnish  useful  knowledge,  there  can  be  no  possible 
objection  to  them,  and  (2)  every  surgical  operation  is 
a  vivisection  experiment  in  one  sense.  A  surgical 
friend  has  vivisected  me,  and  yet  I  do  not  call  him  a 
fiend  and  an  arch  torturer. 

Of  course  there  are  all  sorts  of  men  among  physi- 
cians and  surgeons  as  in  all  other  professions.  Abuses 
and  outrages  do  occur,  no  doubt.  There  have  been 
wicked  doctors  who  have  abused  their  trust ;  and  there 
have  been  clergymen  with  whom  the  virtue  of  a  young 
lady  boarder  was  not  safe ;  but  we  need  not  say  for  this 
reason  that  all  surgeons  are  arch  torturers  and  that  all 
preachers  are  arch  lechers. 

And  this  brings  me  to  a  point  I  wish  to  insist  upon, 
that  just  as  you  do  not  need  to  pass  a  special  law 
against  adultery  by  ministers  of  the  gospel,  but  that  if 
you  did  so  you  would  put  an  imputation  on  the  charac- 
ter of  a  large  body  of  earnest,  sincere  and  unselfish 
men,  so  you  should  not  pass  laws  which  would  put  on 
men  in  biological  research  the  imputation  of  bad  faith 
and  cruelty.  Make  the  general  laws  against  cruelty 
to  animals  as  strict  and  far-reaching  as  may  seem  nec- 
essary for  the  good  of  the  human  race;  but  do  not 
single  out  the  men  who  are  devoting  their  lives  to  the 
search  after  that  knowledge  which  is  for  the  best  good 
of  the  race,  and  make  them  the  special  objects  of 
unnecessary,  restrictive  limitations.  If  experiments  on 
animals  must  be  prohibited  let  the  same  law  prohibit 
castration  of  animals  and  the  dehorning  of  cattle.  If 
the  English  law  requiring  all  operations  by  a  scien- 
tific man  to  be  done  under  anesthesia  be  adopted,  then 
require  that  the  operations  on  the  farm  be  performed 
in  the  same  way. 

You  will  perhaps  say  that  the  arguments  mentioned 
are. unworthy  of  attention ;  that  it  is  beneath  our  dig- 
nity to  answer  them.  It  will  not  do  to  take  that  atti- 
tude.    The  opponents  of  research  are  too  strong  and 
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too  well  organized  to  be  neglected.  They  have  enor- 
mous sums  of  money  at  their  disposal.  They  have 
been  able  to  subsidize  newspapers  and  are  prepared 
for  a  campaign  of  persecution  and  prosecution.  The 
opponents  of  research  are  not  easy  to  classify.  They 
represent  widely  varied  types  of  mind,  but  the  follow- 
ing are  usually  recognizable : 

1.  The  fanatics.  This  type  is  represented  by  the 
man  who  states  over  his  signature  that  he  would  pre- 
fer to  have  his  own  child  die  of  diphtheria  rather  than 
to  have  it  saved  by  the  torture  (?)  of  a  single  guinea- 
pig.  These  are  perhaps  the  only  thoroughly  consistent 
antivivisectionists.  They  are  often  so  much  in  earnest 
that  they  do  not  hesitate  to  mislead  the  public  through 
publication  of  untruths. 

2.  The  cultured  ignoramuses.  A  large  class  of  peo- 
ple highly  educated  along  certain  lines  of  language  and 
literature,  but  profoundly  ignorant  of  the  most  simple 
and  fundamental  facts  of  natural  law.  They  are  the 
Clara  Vere  de  Veres  of  both  sexes  and  all  ages. 

3.  The  financially  interested.  Great  fortunes  are 
accumulated  by  the  sale  of  patent  nostrums.  The  busi- 
ness makes  headway  in  proportion  as  medical  knowl- 
edge and  medical  practice  can  be  thrown  into  disrepute. 
Thus  the  Journal  of  Zoophily,  January,  1915,  quotes 
the  following  with  no  word  of  disapproval : 

Medical  Freedom  says  in  its  October  number: 

"Only  recently  Mrs.  Catherine  E.  Mercer  and  her  two 
children  were  vaccinated  against  typhoid  in  Brooklyn,  N.  Y. 
All  were  made  ill.  Mrs.  Mercer  died  and  the  two  children 
suffered  for  weeks.  In  Iowa  a  perfectly  healthy  guardsman 
was  vaccinated  against  typhoid,  became  ill  and  died.  In 
Camp  Dodge,  Des  Moines,  Iowa,  Conrad  Liljeberg  died  soon 
after  vaccination.  Also  Clarence  Pantzer,  Thirteenth  Coast 
Artillery,  National  Guard,  New  York." 

4.  Religious  cults.  It  must  be  said  to  the  credit  of 
the  majority  of  those  who  profess  a  religious  philoso- 
phy which  ignores  disease  that  they  are  not  inclined 
to  put  obstacles  in  the  way  of  medical  progress.  Nev- 
ertheless, in  a  recent  number  of  the  Journal  of  Zoo- 
phily, a  column  headed  Anti-Vivisection  Notes  is 
entirely  occupied  by  a  long  tirade  against  the  medical 
profession  by  a  well  known  subscriber  to  a  belief  of 
that  type. 
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5.  Demagogues.  There  has  never  been  wanting  a 
class  of  pretenders  who  masquerading  as  reformers 
and  philanthropists  succeed  in  getting  themselves  into 
legislative  positions.  Such  imposters  find  an  appeal  to 
prejudice  and  emotion  a  powerful  factor  in  securing 
the  support  and  good  will  of  the  uninformed  but  well- 
meaning  public. 

The  above  are  strange  bedfellows,  but  they  seem  to 
agree  well  among  themselves.  They  have  this  more  or 
less  in  common  that  they  desire  to  throw  the  eflforts 
of  the  earnest,  honest  physician  into  disrepute ;  his  loss 
is  their  gain.  Anything  does  for  a  pretext.  It  can  be 
vivisection  or  vaccination  or  quarantine  or  what  not. 
Their  method  is  always  that  of  the  pettifogger  or  the 
demagogue.  They  publish  accounts  of  experiments 
done  under  anesthesia  and  of  experiments  done  before 
the  introduction  of  anesthetics  as  if  they  were  all  alike 
and  now  all  in  vogue.  They  describe  vivisections  done 
in  the  days  when  men  were  hanged  and  quartered  as 
if  they  were  the  common  practice  of  today.  And  in 
it  all  the  appeal  is  to  sentiment  and  prejudice,  not  to 
reason  and  common  sense.  By  these  methods  they 
reach  and  may  yet  more  eflfectively  influence  large 
numbers  of  honest  and  conscientious  voters  too  busy 
to  inform  themselves  as  to  the  real  issues,  and  unable 
to  unravel  the  tangle  of  sophistry,  sentiment  and  mis- 
representation, with  the  result  that  there  is  great  dan- 
ger of  hostile  and  harmful  legislation. 

In  the  face  of  all  this  opposition  I  feel  justified  in 
calling  for  support  from  you  who  are  working  in  the 
various  fields  of  science  more  or  less  remote  from  that 
of  biology,  not  only  because  as  co-workers  in  the  eflfort 
to  enlarge  the  sphere  of  human  knowledge  as  men  of 
open  mind  and  enlightened  sympathies  your  support 
may  rightly  be  expected  by  those  whose  researches  are 
primarily  concerned  in  the  discovery  of  those  truths 
that  are  directly  applicable  to  the  diminution  of  pain 
and  suffering  and  disease;  but  I  would  also  place 
before  you  the  importance  to  all  of  you  in  your  various 
fields  of  that  which  I  have  called  the  larger  background 
of  knowledge.  It  is  only  by  this  that  we  can  see  things 
in  their  true  perspective.  Our  respective  sciences  and 
our  special  fields  of  research  become  of  value  only 
when  their  wider  relations  are  apprehended.  And  may 
I  without  unduly  magnifying  my  office  as  a  biologist 
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call  your  attention  to  the  fact  that  biology  has  contrib- 
uted no  unworthy  share  to  the  means  of  progress  in  the 
sister  sciences.  The  contributions  of  biologists,  espe- 
cially the  workers  in  physiological  chemistry,  to  the 
general  advance  of  chemical  science  does  not  require  to 
be  mentioned ;  nor  do  I  need  to  refer  to  the  usefulness 
to  physical  chemistry  of  the  fertile  ideas  of  Pfeifer  and 
De  Vries  in  the  explanation  of  osmotic  pressure.  The 
physicists  do  not  need  to  be  told  that  by  far  the  most 
sensitive  galvanometer  for  the  measurement  of  minute 
currents  of  short  duration  is  the  device  of  the  physi- 
ologist Einthoven,  designed  primarily  for  use  in  the 
study  of  living  organs.  The  engineers  will  recall  that 
the  method  of  recording  progressive  changes  on  a 
revolving  drum  is  the  application  of  the  kymographion 
invented  by  Ludwig  for  the  recording  of  blood  pres- 
sures but  now  employed  in  securing  graphic  records  of 
a  great  variety  of  natural  phenomena. 

Or  let  me  reverse  the  picture  and  remind  you  that 
the  physiologist,  the  pathologist  and  the  physician  are 
laboring  to  apply  the  results  of  your  researches  in  the 
explanation  of  the  normal  life  processes,  and  to  use 
them  in  the  discovery  of  the  causes  of  pain  and  suflfer- 
ing  and  disease,  to  the  end  that  these  causes  may  be 
overcome.  Toward  this  result  all  lines  of  scientific 
eflfort  are  contributory. 
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DRUGS  AND  ANIMAL  EXPERI 

MENTATION 


A.    S.    LOEVENHART,    M.D. 

MADISON,     WIS. 


The  origin  of  the  belief  of  mankind  in  the 
efficacy  of  dru^s  in  the  treatment  of  disease  is 
a  most  interesting  subject  for  speculation.  The 
use  of  drugs  antedates  written  accounts.  Cer- 
tainly the  most  primitive  people  on  the  earth 
today  employ  drugs  as  curative  agents,  and  the 
earliest  written  records  tell  of  the  uses  of  drugs 
and  poisons.  We  know^  that  at  certain  periods 
disease  was  looked  on  as  evidence  of  dis- 
pleasure of  the  supreme  being  or  beings^  and 
that  it  was  in  the  nature  of  a  punishment 
visited  upon  man. 

The  view  has.  been  expressed  that,  since 
many  of  the  materials  used  as  remedies  are 
disagreeable,  either  in  odor,  taste,  texture  or 
their  origin,  the  taking  of  the  medicine  was  of 
the  nature  of  a  sacrifice  to  appease  the  gods. 
The  fact  that  not  all  of  the  materials  used  by 
primitive  people  are  abhorrent  is  opposed  to 
this  view.  Again,  the  belief  in  the  efficacy  of 
drugs  may  be  attributed  to  the  view  which 
seems  to  have  been  held  that  since  the  supreme 
being  created  all  things,  including  man,  and 
sent  the  diseases  to  plague  him,  he  must  have 
created  a  remedy  for  every  disease  and  left  it 
to  the  ingenuity  of  man  to  discover  the  remedy. 
In  the  writings  of  the  renowned  Paracelsus  ^ 
(1493-1541)  occurs  the  statement:  "Every  dis- 
ease has  its  medicine.  For  it  is  God's  will  that 
He  be  manifested  in  marvelous  ways  to  the 
sick." 

1.  Paracelsus:  Die  erste  Defension,  1  :253,  quoted 
from  Stillmann:  Paracelsus,  Chicago,  The  Open  Court 
Publishing  Company,  1920,  p.  123. 


On  the  other  hand,  the  belief  in  the  efficacy 
of  drugs,  even  in  very  early  times,  may  have 
been  based  on  observation  and  experience. 
Primitive  man  must  have  come  in  contact  very 
early  with  strong  pharmacologic  agents,  such  as 
fruit  juices,  which,  on  bein^  left  exposed  to  the 
air,  had  fermented  and  yielded  alcohol.  He 
must  have  observed  the  effects  of  such  mate- 
rials. Similarly,  among  the  plants,  he  must 
have  found  drugs  which  produced  such  remark- 
able effects  that  they  would  not  escape  the 
crudest  observer.  When  he  found  substances 
which  taken  internally  or  placed  on  the  skin 
produced  decided  effects  on  his  bodv,  nothing 
could  have  been  more  natural  than  for  him  to 
use  such  materials  in  treating  injuries  and  ill- 
ness in  order  to  effect  desirable  changes  within 
him.  When  illness  plagued  a  man,  he  and  his 
friends  searched  for  a  remedy  as  long  as  life 
lasted,  and  in  the  course  of  human  liistory  it 
is  probable  that  almost  every  accessible  mate- 
rial has  been  used  in  the  treatment  of  disease. 

The  observations  made  on  the  action  of  the 
drugs  in  disease  were  crude  and  faulty,  and  no 
one  knew  what  the  course  of  the  untreated  dis- 
ease would  be,  because  all  patients  were  given 
remedies.  Yet,  by  this  method,  most  valuable 
advances  were  made  in  the  course  of  the  ages. 
Thus,  opium  was  in  use  before  the  Christian 
era,  mercury  was  used  in  the  treatment  of 
syphilis  in  the  sixteenth  century,  and  cinchona 
bark,  from  which  quinin  is  derived,  was  em- 
ployed in  the  treatment  of  malaria  in  the  seven- 
teenth century.  At  the  time  of  the  Spanish  con- 
quest, the  Indians  of  Peru  were  using  coca  leaves 
to  assuage  the  pangs  of  thirst  and  hunger  in  their 
long  journeys  over  the  Andes.  The  action  of  the 
coca  leaves,  we  now  know,  is  due  to  the  cocain 
which  they  contain,  which  acted  partly  as  a  local 
anesthetic  and  partly  as  a  stimulant  of  the  cen- 
tral nervous  system. 

The  difficulty  with  this  method  was  that  it 
took  many  hundreds  of  years  to  advance  the 
healing  art  with  a  definite  contribution,  and 
even  then  the  value  of  the  remedy  in  most 
cases  was  not  actually  proved,  but  was  still  a 


matter  of  opinion.  Innumerable  examples 
could  be  given  to  illustrate  the  increased  value 
a  drug  possesses  when  its  use  passes  from*  a 
haphazard  to  a  scientific  basis.  We  shall 
return  to  this  subject  later  in  this  discussion. 

Therapeutic  investigation  differs  from  most 
other  types  of  work  in  that  one  cannot  both 
treat  an  individual  and  leave  him  untreated 
excepting  in  certain  diseases  confined  to  the 
surface  of  the  body.  In  other  words  we  can- 
not divide  an  individual  and  treat  half  of  him, 
and  leave  the  other  half  untreated  in  order  to 
determine  definitely  the  effects  of  a  drug  under 
identical  conditions.  When  we  use  different 
individuals,  it  is  impossible  to  have  conditions 
identical  because  two  individuals  may  not 
respond  in  exactly  the  same  way  to  a  given 
disease  or  a  given  remedy,  so  that  in  all  cases 
a  therapeutic  agent  must  be  subjected  to  exam- 
ination in  a  very  large  number  of  individuals 
under  the  best  controlled  conditions  possible  in 
order  to  get  a  final  estimate  of  its  therapeutic 
eflBciency.  Just  as  certain  individuals  may 
show  an  idiosyncrasy  toward  a  drug  and 
respond  differently  from  the  average  of  the 
same  species,  so  there  are  certain  differences 
in  the  response  of  different  species  to  sub- 
stances. The  idiosyncrasy  of  certain  species 
toward  certain  substances  is  well  known  and 
recognized.  Apart  from  the  remarkable  varia- 
tion m  the  response  to  drugs,  noted  in  the  case 
of  certain  species,  there  is  a  remarkable  simi- 
larity in  the  response  of  the  whole  animal 
series  toward  drugs  in  general. 

THE   EFFECTS   OF  VARIOUS   DRUGS   ON    MAN    AND 

ANIMALS    IS    SIMILAR 

The  statement  is  frequently  made  in  anti- 
vivisection  publications  than  man  and  animals 
are  so  dissimilar  in  their  reaction  to  drugs  that 
no  information  of  service  in  human  medicine  is 
derivable  from  studies  of  the  action  of  drugs 
on  animals.  Such  a  statement  has  never  been 
made  or  implied  by  any  one  having  first  hand 
knowledge  of  the  subject.  Let  us  examine  the 
facts  for  a  few  of  the  most  important  drugs. 


General  and  Local  Anesthetics. — The  most 
useful  and  safest  general  anesthetics  for  man 
are  also  the  best  and  safest  for  the  animals, 
and  are  in  daily  use  whenever  operations  are 
performed  on  man  or  any  of  the  higher  ani- 
mals. Can  it  be  denied  that  the  action  of  this 
group  of  substances  on  man  and  dog,  for 
instance,  is  essentially  identical?  In  the  anes- 
thetizing of  the  two,  we  employ  the  same  agents 
and  apparatus.  Both  pass  throufih  the  same 
four  stages  under  chloroform  or  ether,  namely : 
(1)  slightly  impaired  consciousness;  (2)  stage 
of  excitement;  (3)  surgical  anesthesia,  and  (4) 
toxic  stage  approaching  death.  The  changes 
occurring  in  the  circulation  and  respiration  in 
chloroform  and  ether  anesthesia  are  essentially 
the  same  in  man  and  in  dog.  Similarly,  the 
local  anesthetics  have  the  same  effects  in 
animals  and  in  man.  Thus,  cocain  placed  in 
the  eye  of  the  dog  or  rabbit  takes  away  the 
sensibility,  and  touching  the  eyeball  no  longer 
causes  the  animal  to  wink.  All  of  the  local 
anesthetics  have  been  introduced  through  ani- 
mal experimentation.  For  many  types  of  opera- 
tion in  human  surgery,  they  possess  a  great 
advantage  over  the  general  anesthetics. 

Soporifics  (sleep-producing  drugs) . —  The 
sleep-producing  drugs  for  man  act  entirely 
similar  in  the  case  of  the  higher  animals.  They 
produce  sleep  of  a  depth  and  duration  depend- 
ing on  the  dosage.  As  in  man,  an  excessive 
dosage  of  these  drugs  will  produce  anesthesia. 
The  soporific  action  of  every  member  of  this 
group  of  drugs  was  discovered  by  animal 
experimentation,  and  then  used  therapeutically. 

Strychnin. — This  substance  acts  essentially 
the  same  in  the  animal  series  from  the  frog  to 
man.  The  drug  in  every  case  causes  increased 
excitability  of  the  spinal  cord,  so  that  ordinary 
sensory  stimuli  reaching  the  cord  through  the 
nerves  carrying  sensation  cause  convulsions 
which  follow  one  another  at  intervals  depend- 
ing on  the  dose  received  and  the  rate  of  absorp- 
tion. These  convulsions  in  the  frog,  rabbit,  dog 
or  man  can  be  produced  by  stimulating  sen- 
sory nerv^es,  and  in  the  frog  they  can  be  largely 


prevented  by  cocainizing  the  skin.  Cocain  is 
absorbed  through  the  intact  skin  of  the  frog. 
In  treating  strychnin  poisoning  in  man,  we 
apply  the  information  gained  tnrough  animal 
experimentation,  largely  with  the  irog;  and 
although  it  is  not  practical  to  cocainize  the 
entire  surface  of  the  body  of  a  man,  we  keep 
the  patient  in  a  dark  room  free  of  all  noise 
and  vibrations,  and  protect  him  as  far  as  pos- 
sible from  sensory  stimulation. 

The  dose  of  strychnin  for  each  kilogram  of 
body  weight  necessary  to  kill  many  animals, 
including  man,  is  known.  The  minimal  fatal 
dose  for  the  commoner  forms  is  given  in 
Table  1. 

TABLE    1.— MINIMAL    FATAL    DOSE    OF    STRYCHNIN 

Minimal  Fatal  Dos€ 
Animal  Mode  of  AdministratJoii  i)er  Kilogram 

Mg. 

Rat Subcutaneously 3.0 

Prog Subcutaneously 2.1 

Mouse Subcutaneously 1.3 

Man By  mouth* 1.1 

Ground  squirrel Subcutaneously 0.8 

Rabbit Subcutaneously 0.6 

Oat Subcutaneously 0.4 

Dog Subcutaneously 0.4 

*  It  is  probable  that  the  fatal  dose  of  strychnin  for  man  by 
mouth  is  very  nearly  the  same  as  it  would  be  if  given  subcutaneously. 

The  minimal  fatal  dose  of  strychnin  for  man 
is  arrived  at  through  the  many  cases  of  mur- 
der, attempted  murder,  suicide  and  accident. 
Thus,  not  only  the  symptoms  of  strychnin  pois- 
oning, but  also  the  fatal  dose  per  unit  of  body 
weight'  is  similar  for  man  and  the  animals  men- 
tioned. So  true  is  that  that,  in  cases  of  poison- 
ing, the  toxicologist  ordinarily  tries  the  effect 
of  the  material  isolated  from  the  dead  body  on 
the  frog — an  important  test  in  the  identification 
of  strychnin.  The  test  is  always  recognized  by 
the  court.  It  is  true  that  there  are  other  species 
that  are  very  much  more  resistant  to  strychnin 
than  are  man  and  the  common  test  animals. 
Thus,  the  dose  necessary  to  kill  a  snake  is  23 
nig.  per  kilogram,  and  for  the  bat,  40  mg.  per 
kilogram.  The  amount  of  a  substance  that  is 
required  to  kill   an  individual  of  one  species 


may  be  much  greater  than  for  an  individual  of 
another  species,  and  .yet  the  type  6f  action  may 
be  the  same  in  the  two  cases.  The  fatal  dose  is 
only  one  of  a  number  of  important  facts  to  be 
ascertained. 

A  tropin. — There  are  several  instances  in 
which  the  susceptibility  of  a  particular  species 
to  a  drug  departs  very  far  from  that  of  the 
remainder  of  the  animal  series,  and  a  case  that 
is  frequently  referred  to  is  the  high  degree  of 
tolerance  of  the  rabbit  to  atropa  belladonna 
and  the  constituent  atropin. 

The  action  of  atropin  has  been  studied  on 
certain  beetles,  amphibia  (salamander,  triton 
and  others),  the  frog,  guinea-pig,  hedgehog,  rat, 
rabbit,  chicken,  pigeon,  dog  and  cat.  Among 
the  mammals,  there  is  little  diflference  in  the 
svmptoms  produced,  but  marked  differences  in 
the  dose  required  to  produce  similar  effects. 
Man  is  the  most  sensitive  creature  to  this  drug; 
then  in  order  come  the  camivora  and  finally 
the  herbivora.  The  rodents  are  particularly 
resistant  to  atropin. 

Atropin  and  belladonna  are  very  valuable 
drugs  in  human  medicine.    They  are  used: 

1.  To  dilate  the  pupils  for  ophthalmoscopic  exam- 
ination and  to  prevent  permanent  damage  in  iritis. 

2.  To  lessen  vagal  inhibition  of  the  heart  in  certain 
cases  of  arrhythmia  and  to  prevent  reflex  stoppage  of 
the  heart  and  death  in  certain  conditions,  such  as  in 
early  chloroform  anesthesia. 

3.  To  reduce  the  secretory  and  motor  activity  of 
the  stomach  in  gastric  and  duodenal  ulcer,  and  to 
distinguish  between  pyloric  occlusion  of  the  i^tomach 
by  spasm  of  the  pylorus,  which  does  not  require 
operative  procedure,  and  organic  obstruction,  which 
requires  immediate  surgical  intervention. 

4.  To  dilate  the  bronchoconstrictor  muscles  in 
asthma  and  in  anaphylaxis  and  allied  conditions,  in 
which  it  may  be  life  saving. 

The  first  use  mentioned  did  not  require  ani- 
mal experimentation.  The  second  use  could 
never  have  been  discovered  except  by  animal 
experimentation,  because  without  this  method 
we  should  not  have  understood  the  function  of 
the  heart  or  the  circulation,  and  therefore  could 
not  properly  treat  these  conditions.    The  inhib- 


itory  action  of  the  vagus  nerve  could  not  have 
been  discovered,  nor  the  action  of  atropin  on 
it.  The  effect  of  atropin  on  the  heart  rate  in 
the  various  species  varies  with  the  extent  of 
vagal  tone.  The  third  and  fourth  uses  of 
atropin  could  not  have  been  discovered  with- 
out animal  experimentation.  No  one  who  is 
acquainted  with  the  facts  could  doubt  the 
immense  value  of  animal  experiments  in  the 
elucidation  of  the  proper  therapeutic  uses  of 
atropin  and  belladonna  in  human  and  veter- 
inary medicine. 

Morphin. — Let  us  consider  another  case  fre- 
quently referred  to  in  antivivisection  literature 
— namely,  that  the  dog  can  hardly  be  killed  by 
morphin.  This  statement  is  partly  true.  The 
fatal  dose  of  morphin  for  the  dog  is  about 
thirty  times  larger  than  that  for  man;  yet,  the 
action  of  morphin  on  man  and  dog  is  strikingly 
similar  on  the  higher'  centers  of  the  central 
nervous  system.  The  fatal  dose  of  a  drug  does 
not  constitute  the  entire  knowledge  of  the 
action  of  a  drug,  nor  is  it  the  most  important 
factor,  as  these  writers  seem  to  think.  In 
physiologic  laboratories,  general  anesthesia  is 
usually  preceded  by  a  liberal  dose  of  morphin 
to  relieve  the  dog  of  the  stage  of  anxiety  and 
excitement  when  going  under  the  anesthetic. 
Every  laboratory  man,  therefore,  has  had 
ample  opportunity  to  observe  the  action  of 
morphin  on  the  dog.  The  dog  under  a  1  grain 
dose  passes  into  a  condition  of  lazy  lethargy 
remarkably  similar  to  that  seen  in  man. 

A  striking  characteristic  of  morphin  as  a 
pharmacologic  agent  is  the  fact  that  man 
readily  develops  the  morphin  habit,  and  at  the 
same  time  develops  a  tolerance  for  the  drug 
so  that  a  dose  many  times  as  large  as  the 
ordinary  dose  may  be  taken  without  producing 
a  greater  effect  than  the  original  dose.  Exactly 
the  same  holds  for  the  dog.  The  nature  of 
morphin  habituation  and  tolerance  has  been 
studied  in  the  dog,  and  Faust  ^  found  that  dogs 

2.  Faust,  E.  S. :  Arch.  f.  exper.  Path.  u.  Pharmakol. 
44  :217,   1900. 


behave  in  a  manner  remarkably  similar  to 
man  under  these  conditions.  Through  this 
work  on  dogs,  it  has  been  found  that  morphin 
tolerance  depends  largely  on  the  fact  that 
repeated  administration  of  the  drug  results  in 
the  developing  by  the  body  of  increased  power 
of  destroying  the  drug.  It  is  obvious,  there- 
fore, that  dog  and  man  react  remarkably  alike 
to  morphin. 

.The  Anthelmintics. — The  drugs  used  against 
intestinal  parasites,  although  the  most  logical 
for  the  antivivisectionist  to  attack,  have  been 
particularly  free  from  their  condemnation. 
Here  we  purposely  select  a  drug  for  the  sole 
purpose  of  killing  or  stunning  an  animal  and 
driving  him  out  of  his  natural  home  and  hab- 
itat into  outer  coldness  and  an  environment 
where  he  must  necessarily  die  from  starvation 
and  neglect!  Our  conduct  becomes  the  more 
reprehensible  when  we. recall  how  completely 
these  poor  creatures  are  dependent  on  man  and 
how  attached  they  become  to  him,  never  vol- 
untarily deserting  him,  no  mattegr  how  danger- 
ous or  disagreeable  a  position  he  may  occupy. 
Will  the  antivivisectionist  here  also  claim  that 
animal  experimentation  is  of  no  avail?  Do 
studies  of  the  toxicity  of  anthelmintics  on 
worms  mean  nothing?  These  are  animal  ex- 
periments. Owing  to  the  lack  of  available 
material  for  work  in  this  field  at  all  times, 
Dr.  Torald  Sollmann  has  suggested  and  used 
earthworms  as  test  objects. 

The  same  anthelmintics  are  used  in  the  simi- 
lar infections  in  man  and  in  the  higher  animals 
with  equal  success.  For  example,  santonin  is 
used  in  infections  with  Ascaris  lumbricoides 
(roundworm)  in  both  man  and  pig.  In  the 
field  of  anthelmintics,  animal  experimentation 
is  essential  for  two  reasons:  to  determine  the 
toxicity  of  the  drug  (a)  to  the  worm  and  (b) 
to  the  host.  This  yields  us  the  "therapeutic 
index"  of  the  drug. 

The  Digitalis  Group. — In  considering  the  debt 
of  human  medicine  to  animal  experimentation 
in  connection  with  all  the  drugs  acting  on  the 
circulation,  we  must  begin  by  stating  that  with- 
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out  animal  experimentation  we  would  not 
know  the  function  of  the  heart.  We  would 
think,  as  people  thought  before  animal  experi- 
mentation .proved  otherwise,  that  the  arteries 
were  filled  with  air  and  that  the  blood  ebbed 
and  flowed  in  the  veins.  It  was  through  animal 
experimentation  that  w^e  obtained  correct  and 
detailed  knowledge  regarding  the  normal  cir- 
culation, and  of  course  without  such  knowledge 
the  efficient  treatment  of  diseases  of  the  heart 
and  blood  vessels  would  be  out  of  the  question. 
In  view  of  these  facts,  it  seems  hardly  neces- 
sary to  discuss  in  detail  the  debt  of  meaicine  to 
animal  experimentation  in  connection  with  the 
important  drugs  acting  on  this  system.  It  may 
be  stated,  however,  that  practically  all  of  our 
knowledge  of  the  action  of  all  drugs  affecting 
the  circulation  was  obtained  first  through  ani- 
mal experimentation.  It  is  inconceivable  that 
we  could  ever  have  obtained  a  correct  knowl- 
edge of  the  action  of  digitalis  without  resorting 
to  this  rnethod  of  study.  The  life-saving  aption 
of  digitalis  in  organic  heart  disease  is  one  of 
the  most  striking  instances  of  the  efficacy  of 
drugs  in  medicine. 

The  Nitrites, — The  action  of  the  nitrite  series 
on  the  circulation  was  discovered  through  ani- 
mal experimentation,  and  then  applied  to 
human  medicine.  The  remarkable  relief  of  an 
attack  of  angina  pectoris  by  amyl  nitrite,  dis- 
covered by  Sir  T.  Lauder  Brunton,^  himself  an 
eminent  experimenter,  will  always  remain  as 
a  brilliant  therapeutic  achievement.  The  dis- 
covery was  based  directly  on  animal  experi- 
mentation. The  same  applies  fo  epinephrin, 
the  active  principle  of  the  suprarenal  gland, 
used  locally  to  stop  hemorrhage,  in  certain 
types  of  shock,  and  to  relieve  attacks  of 
asthma. 

The  Antiseptics, — In  considering  the  group  of 
antiseptic  drugs,  we  must  bear  in  mind  that 
the  relation  of  bacteria  to  disease  would  have 
remained  unknown  except  for  animal  experi- 
mentation; and  since  the  antiseptics  are  used 

3.  Brunton,  T.  L.:  Lancet,  July  27,  1867,  p.  97. 
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to  prevent  the  growth  of  bacteria  or  to  kill 
them,  we  cannot  conceive  of  the  rational 
development  of  this  type  of  drug  without  know- 
ing anvthing  of  bacteriology. 

A  champion  of  the  antivivisection  cause, 
W.  R.  Hadwen,  who  has  been  addressing  anti- 
vivisection  societies  in  this  country,  has  made 
a  large  number  of  statements  regarding  the  use 
of  antiseptics.  There  occur  such  statements  in 
his  addresses  as  the  following:  **I  am  positive 
that  before  another  decade  has  rolled  by, 
instead  of  ^erms  being  looked  upon  as  our 
worst  enemies,  they  will  be  looked  ui)on  as 
the  best  friends  we  have."  In  spite  of  his  pro- 
fessed feelings  of  friendship  for  these  germs, 
he  objects  to  their  being  injected  into  man, 
even  when  their  efficacy  as  vaccines  is  proved. 
He  refers  to  them  in  other  places  as  filth.  He 
speaks  most  scornfully  of  the  antiseptics  in  one 
place  when  their  use  was  proposed  by  medical 
men  through  animal  experimentation,  but 
laud$  their  empiric  use  by  Semmelweis  because 
he  thought  that  the  ^eat  contribution  of  Sem- 
melweis was*  in  no  wise  connected  with  animal 
experimentation.  As  a  matter  of  fact,  Semmel- 
weis did  do  animal  experimentaion. 

The  death  rate  of  women  in  the  Lying-in 
Clinic  in  Vienna  dropped  from  11.4  per  cent, 
in  May  1847,  to  1.27  per  cent,  the  year  follow- 
ing the  practice  of  disinfecting  the  hands  with 
chlorinated  lime.  A  breach  of  technic  on  the 
part  of  a  student,  with  an  attendant  rise  of 
mortality  to  5.25  per  cent.,  demonstrated  by 
human  experimentation  the  efficacy  of  the  anti- 
septic* On  account  of  these  terrible  experi- 
ments on  human  beings,  Semmelweis  declined 
to  do  further  animal  experiments,  as  he 
regarded  the  result  of  this  breach  of  technic  as 
a  conclusive  demonstration.  Certain  prominent 
antivivisectionists  writing  for  their  cause  seem 
to  approve  heartily  of  this  terrible  sacrifice  of 
human  life  in  the  Vienna  Lying-in  Clinic  to 
establish  a  point  which  could  have  been  proved 

readily  by  a  few   animal  experiments. 

*  --^ 

4.  Sinclair,  Sir  Wm.  J.:  Semmelweis,  His  Life  and 
His  Doctrine;  Manchester,  1909,  pp.  29,  55,  63. 
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In  other  words,  when  antiseptics  are  intro- 
duced by  Semmelweis  through  human  experi- 
mentation, the  antivivisectionist  is  in  favor  of 
them;  but  when  they  are  introduced  by  Lister 
and  Carrel  on  the  basis  of  Pasteur's  work  and 
all  those  who  founded  the  science  of  bacteri- 
ology through  animal  experimentation,  he 
scorns  their  use.  The  same  champion  of  anti- 
vivisection  referred  to  above  quotes  the  state- 
ment from  Capt.  J.  Stanley  Arthur,  that 
"chlorin  gas  has  solved  the  problem  of  a  pure 
water,  supply  on  a  large  scale  for  the  troops, 
and  accounted  for  the  fact  that  there  was  no 
epidemic  of  typhoid  or  other  water-borne  dis- 
ease which  caused  such  havoc  in  the  South 
African  campaign."  He  uses  this  in  his  tirade 
against  typhoid  vaccine.  Apparently,  the  gen- 
tleman does  not  know  that  chlorin  in  purifying 
water  acts  as  an  antiseptic,  killing  the  bacteria 
causing  the  water-borne  disease,  and  that  the 
amount  required  and  the  results  are  controlled 
entirely  by  bacteriologic  methods. 

IMPORTANT  APPUGATIONS  OF  THS   SIMILARITY   OF 
REACTION   OF  ANIMALS   AND   MAN   TO  DRUGS 

The  statements  made  in  antivivisection  litera- 
ture that  the  animals  react  entirely  differently 
from  the  human  being  to  drugs  is  further 
refuted  by  three  outstanding  facts: 

1.  Canary  birds  are  used  by  miners  the  world 
over  for  the  detection  of  the  gas  known  as 
carbon  monoxid.  This  substance  is  a  very 
poisonous  gas  which  combines  with  the  red 
coloring  matter  of  the  blood — hemo^obin — and 
replaces  the  oxygen  carried  by  this  pigment, 
forming  carbon  monoxid  hemoglobin.  This 
robs  the  blood  of  its  most  urgent  function — the 
carrying  of  oxygen  from  the  lungs  to  the  tis- 
sues— and  results  in  death  when  the  blood  is 
about  80  per  cent,  saturated  with  the  gas.  This 
gas  is  present  in  many  mines,  and  active  ven- 
tilation of  the  mines  is  required  to  keep  the 
concentration  down  below  the.  danger  point. 
All  the  higher  animals  have  hemoglobin  in 
their  blood  and  react  to  carbon  monoxid  in 
{precisely  the  same  way  that  man  does.     All 
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animals  below  the  vertebrates,  which  do  not 
depend  on  hemoglobin  for  the  transport  of 
oxygen,  are  totally  unaffected  by  the  gas.  Birds, 
because  of  the  large  volume  of  air  breathed 
per  unit  of  body  weight,  and  because  of  their 
small  size  and  small  blood  volume,  become 
aflFected  by  carbon  monoxid  before  man,  and 
when  the  miner  observes  that  his  canary  bird 
is  lying  down  instead  of  perched  up  as  nor- 
mally, he  realizes  that  the  air  is  not  suitable 
for  the  support  of  life  and  he  makes  a  hasty 
exit  for  clear  air.  If  he  reaches  wholesome  air 
in  time,  the  bird  revives — ^if  not,  the  bird  dies. 
Would  the  antivivisectionist  deny  the  miner 
this  security  which  animal  experimentation  has 
given  him  in  order  to  protect  the  bird  against 
the  possibility  of  death  by  asphyxiation? 

The  mouse  was  formerly  used  as  an  indi- 
cator for  carbon  monoxid,  but  the  difference  in 
the  attitude  of  a  normal  mouse  and  one  suf- 
fering distress  is  not  so  readily  observable  as 
in  the  case  of  the  bird.  This  use  of  animals 
would  be  obviously  impossible  if  animals  and 
man  responded  utterly  differently  to  chemicals, 
whether  drugs,  whicn  in  proper  dosage  are 
useful  in  the  restoration  of  health,  or  poisons. 

2.  Before  the  rise  of  toxicology,  which  made 
the  detection  of  poisoning  almost  certain,  peo- 
ple lived  in  dread  of  being  poisoned  by  their 
enemies.  This  dread  was  particularly  pro- 
nounced among  important  personages,  the 
royal  families,  and  persons  prominent  in  the 
affairs  of  church  and  state.  It  was  then  a 
common  practice  to  have  the  cooks  or  servants 
first  partake  of  the  food,  and  frequently  the 
food  was  fed  to  animals  when  there  was  reason 
for  believing  that  it  might  contain  poison. 
Instances  of  the  recognition  of  the  similarity 
in  the  action  of  food  and  poisons  on  man  and 
on  animals  are  found  in  ordinary  literature. 

In  "The  Swiss  Family  Robinson"  we  find  the 
statement,  "As  a  rule  we  may  consider  any 
kind  of  vegetable  or  fruit  eaten  by  birds  or 
monkeys  as  wholesome";  and,  again,  the  father 
of  the  family  suggests  that  the  edibility  of  the 
figs  be  tested  on  the  pet  monkey  before  eating 
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them.  This  book,  by  a  medical  layman,  which 
breathes  a  spirit  of  Kindness  to  animals,  there- 
fore suggests  the  use  of  animal  tests  in  deter- 
mining the  action  of  unknown  materials  on 
man,  and  represents  the  opinion  which  would 
be  given  by  any  layman  with  common  sense. 

Similarly,  the  toxicologist  of  today,  when 
searching  for  an  unknown  poison  in  a  dead 
body,  administers  a  small  amount  of  the  sup- 
posedly toxic  material  to  a  small  frog  in  order 
to  determine  the  presence  or  absence  of  any 
poison  in  it. 

3.  If  any  final  proof  were  needed  that  drugs 
act  very  similarly  on  man  and  the  higher  ani- 
mals, it  is  furnished  by  the  fact  that  many 
drugs  are  standardized  by  biologic  methods--- 
i.  e.,  testing  on  animals.  The  active  principles 
of  certain  important  drugs  cannot  be  quanti- 
tatively determined  by  chemical  means  with 
the  desired  accuracy.  The  most  important 
instances  are  the  drugs  of  the  digitalis  series, 
the  drugs  acting  on  the  uterus,  and  antitoxins, 
vaccines  and  serums. 

The  digitalis  drugs  are  used  in  the  later 
stages  of  organic  heart  disease,  often  prolong- 
ing the  patient's  life  and  enabling  him  to 
return  to  the  ordinary  duties  and  pleasures  of 
life.  When  this  drug  is  administered,  the  phy- 
sician must  know  that  the  particular  specimen 
is  not  inert,  that  it  has  the  power  to  do  that 
which  is  expected  of  it,  and  finally  what  dose 
of  the  particular  preparation  is  required.  This 
can  be  ascertained  only  by  experiments  on 
animals  or  by  its  use  at  the  bedside  when 
human  life  lies  in  the  balance,  with  the  family 
watching  the  experiment  and  the  fate  of  the 
family  at  stake. 

The  action  of  digitalis  on  the  frog  and  on  the 
cat  is  sufficiently  like  its  action  on  man  to 
enable  us  to  determine  its  potency  as  a  cardiac 
drug  and  to  determine  its  aosage.  In  the  frog, 
the  digitalis  bodies  act  also  on  the  muscle  of 
the  heart,  increasing  the  contractions,  and  by 
determining  the  amount  required  to  bring  the 
heart  of  a  20  gm.  frog  to  systolic  iStandstill  in 
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exactly  one  hour,  we  learn  the  potency  of  the 
drug  for  man  also. 

Ergot  and  pituitary  extract  are  used  to  pre- 
vent hemorrhage  following  childbirth.  Not 
infrequently  following  delivery,  the  uterus  fails 
to  contract  and  remains  flabby  and  dilated,  and 
severe  bleeding  results.  The  two  drugs  that 
are  most  used  to  bring  about  contraction  of 
the  uterine  muscle,  thereby  constricting  the 
blood  vessels  and  stopping  hemorrhage,  are 
ergot  and  extract  of  the  posterior  lobe  of  the 
pituitary  gland.  Here  also  the  active  princi- 
ples cannot  be  quantitatively  determined  chem- 
ically, and  again  we  are  forced  to  resort  to 
biologic  testing.  In  this  case,  the  best  test 
object  is  the  uterus  of  the  virginal  guinea-pig. 
The  action  on  the  uterus  of  the  guinea-pig  is  the 
same  as  on  the  human  uterus — the  drug  causes 
contractions  of  the  uterine  wall.  Surely,  the 
antivivisectionists  would  not  have  us  determine 
the  potency  of  the  drug  on  the  young  mother, 
nor  would  they  take  the  responsibility  for  the 
loss  to  the  husband  and  new-born  for  the  ebbing 
away  of  the  mother's  life  because  the  prepara- 
tion of  the  drug  was  inert.  The  same  conditions 
obtain  in  determining  the  potency  of  diphtheria 
antitoxin  and  other  antitoxins.  Here,  again,  in 
the  absence  of  animal  experimentation  we 
should  have  to  determine  whether  or  not  the 
antitoxin  was  active  on  the  child  sick  with  diph- 
theria. How  many  persons  would  consider  such 
a  procedure  in  the  case  of  their  own  child? 

With  this  evidence,  the  reader  may  decide 
whether  the  effects  of  drugs  on  animals  and 
man  are  so  utterly  dissimilar  as  to'  render  such 
studies  useless.  In  the  light  of  these  facts, 
consider  for  a  moment  the  responsibility  which 
the  antivivisectionist  assumes  toward  you  and 
me  and  all  mankind  in  urging  the  abolition  of 
animal  experimentation. 

THE  DEPENDENCE  OF   PHARMACOLOGY  ON   ANIMAL 

EXPERIMENTATION 

In  order  to  give  a  more  general  picture  of 
the  importance  of  animal  experimentation  to 
the    science    of    pharmacology,    a    few    of    the 
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fundamentals  of  the  subject  which  have  been 
established  may  be  briefly  referred  to. 

Pharmacology  is  that  phase  of  biologic 
science  which  deals  with  the  action  of  chemi- 
cals or  mixtures  of  chemicals  on  living  things. 
It  is  therefore  a  fundamental  branch  of  medi- 
cal science,  and  is  an  important  study  in  every 
medical  curriculum.  In  its  relation  to  medicine 
it  deals  largely  with  substances  that  are  useful 
in  human  therapy.  In  its  relation  to  veterinary 
medicine,  emphasis  is  laid  on  drugs  and 
poisons  important  from  the  point  of  view  of 
that  subject. 

Pharmacology  has  largely  furnished  the  basis 
for  the  scientific  use  of  drugs  in  the  curing  of 
diseased  conditions,  the  alleviation  and  preven- 
tion of  pain,  and  the  prolongation  of  life. 
These  are  the  basic  problems  with  which  it 
deals.  As  a  by-product,  pharmacologic  work 
often  leads  to  important  contributions  in  the 
field  of  normal  function;  i.  e.,  physiology. 
Again,  pharmacologic  work  often  leads  to  im- 
portant advances  in  pathologic  physiology,  and 
thereby  elucidates  the  subject  of  functional 
derangements  in  disease.  The  subject  includes 
structural  changes  in  the  body  as  a  result  of 
chemical  agencies,  chemical  changes  in  the 
drug  as  a  result  of  its  passage  through  the 
body,  and  the  relation  of  chemical  constitution 
of  drugs  to  pharmacologic  action.  The  term 
"pharmacology"  is  sometimes  used  in  a  some- 
what narrower  sense  by  restricting  it  to  the 
alteration  of  function  by  chemical  means.  In 
the  treatment  of  disease  by  drugs,  we  are  con- 
cerned with  the  alteration  of  abnormal  func- 
tion by  chemical  means. 

The  cells  of  our  bodies  are  bathed  in  a  fluid 
— lymph — derived  from  the  blood  and  tissues, 
which  insures  a  free  interchange  of  material 
between  blood  and  tissues.  The  body  cells  of 
the  higher  animals  live  in  a  fluid  medium  as 
truly  as  do  single-celled  forms  which  live  in 
the  ocean.  All  animal  experimentation  shows 
that  life  depends  on  the  maintenance  of  a  cer- 
tain physical  and  chemical  environment.  The 
administration  of  any  drug  that  brings  about  a 
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change  in  the  functional  activity  of  the  cell 
must  do  so  in  consequence  of  a  change  in  the 
chemical  environment  of  the  cell.  In  order  to 
understand  this  change  it  is  necessary  to  under- 
stand the  normal  chemical  environment  of  the 
cells  of  our  body.  The  body  of  facts  concern- 
ing the  normal  chemical  environment  consti- 
tutes Ihe  subject  of  physiologic  chemistry. 

Changes  in  the  chemical  environment  of  the 
cells  of  the  body  are  of  two  types:  (1)  negative 
and  (2)  positive,  the  two  beina  equally  definite. 
A  negative  change  in  the  chemical  environ- 
ment is  brought  about  by  a  reduction  of  dos- 
age or  entire  withdrawal  of  something  that  has 
become  a  factor  in  the  chemical  environment 
and  therefore  a  substance  to  which  the  cell  has 
become  accustomed.  Thus,  a  decrease  in  the 
supply  of  ox^en  causes  striking  symptoms  or 
even  death.  The  withholding  of  food  from  the 
animal,  the  withholding  of  cocain,  morphin, 
alcohol,  coffee  and  tobacco  from  the  body 
habituated  to  these  drugs,  or  the  withholding 
of  the  vitamins  from  the  diet  are  all  instances 
of  a  negative  change  in  the  chemical  environ- 
ment which  brings  about  more  or  less  striking 
changes  in  the  functional  activity  of  the  cells. 

A  positive  change  in  the  chemical  environ- 
ment results  ever>'  time  an  active  drug-  is 
administered.  The  administration  of  a  definite 
dose  of  a  drug  may  produce  changes  in  the 
functional  activity  of  different  intensity  accord- 
ing to  the  mode  of  administration.  The  inten- 
sity of  action  of  a  drug  depends  on  the  con- 
centration in  which  it  reaches  the  particular 
cells  on  which  it  acts,  and  the  duration  of  time 
that  this  concentration  is  maintained.  The  con- 
centration which  a  drug  reaches  in  the  bod}-  is 
a  function  of  two  factors:  (1)  the  rate  of 
absorption,  and  (2)  the  rate  of  its  removal 
from  the  body.  Drugs  are  removed  from  the 
body  by  two  general  methods:  (a)  excretion, 
and  (ft)  chemical  destruction  in  the  body. 

Thus,  a  drug  administered  by  mouth  is 
usuallv  absorbed  more  slowly  than  if  admin- 
isteredl  subcutaneouslv  or  intravenouslv,  and  in 
this  case  the  intensitv  of  action  is  determined 
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by  the  rate  of  absorption.  If  the  rate  of 
absorption  drops  below  the  rate  of  removal, 
the  drug  has  no  effect  in  the  body  because  a 
sufficient  concentration  is  not  obtained.  There- 
fore, it  is  very  important  for  us  to  know  the 
rate  of  absorption  of  drugs  when  administered 
by  any  of  these  routes.  None  of  this  informa- 
tion applicable  to  all  cases  of  drug  action 
could  have  been  obtained  without  animal 
experimentation.  The  very  rudiments  of  the 
subject  could  not  have,  been  elucidated. 

Starting  about  thirty  years  ago  and  lasting 
for  a  period  of  ten  or  fifteen  years,  there  was 
a  general  state  of  mind  amoiig  physicians  that 
there  were  few  drugs  valuable  in  the  treat- 
ment of  disease.  This  period  of  drug  nihilism 
served  a  most  useful  purpose  because  the 
existing  knowledge  of  the  use  of  drugs,  many 
of  which  had  been  handed  down  through  the 
ages,  was  unreliable  and  there  was  a  sort  of 
blind  confidence  in  the  efficacy  of  drugs  which 
resulted  of  necessity  in  disappointment  when 
they  were  critically  used.  Within  the  last 
fifteen  or  twenty  years,  there  has  been  great 
progress  made  in  the  treatment  of  disease.  The 
increase  in  the  amount  of  animal  experimenta- 
tion has  placed  the  use  of  drugs  on  a  much 
firmer  basis.  Nearly  all  valuable  new  drugs 
have  been  introduced  by  the  route  of  animal 
experimentation,  the  only  noteworthy  excep- 
tion being  chaulmoogra  oil,  the  use  of  which  in 
leprosy  was  determined  in  human  beings  with- 
out preliminary  animal  experimentation  be- 
cause leprosy  is  a  disease  which  cannot  be 
given  to  animals.  The  latter  fact  is  probably 
responsible  for  the  great  delay  in  finding  ade- 
quate treatment  for  the  disease. 

Animal  experimentation  has  resulted  in 
increasing  the  usefulness  of  old  drucs.  It  has 
also  been  extremely  useful  in  discaraing  drugs 
that  are  useless  and  in  clearly  defining  types 
of  cases  in  which  a  given  drug  is  indicated  and 
may  be  of  service.  The  result  of  all  the  work 
that  has  been  done  is  that  drugs  are  used  today 
in  a 'much  more  scientific  way  than  formerly, 
and  drugs  are  not  expected  to  accomplish  what 
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is  impossible.  Thus,  in  degenerative  diseases 
in  the  course  of  which  specialized  tissue  has 
actually  disappeared  as  a  result  of  disease 
processes  and  has  been  replaced  with  inactive 
scar  tissue,  and  w^hen  such  loss  of  tissue  pro- 
duces symptoms,  it  is  vain  to  hope  to  restore 
the  lost  tissues  by  drugs.  The  use  of  drugs  in 
such  conditions  is  as  futile  as  would  be  an 
attempt  to  cure  a  wooden  leg  or  a  glass  eye, 
by  drugs.  The  proper  use  of  medicines,  there- 
fore, presupposes  an  accurate  knowledge  of  the 
pathology  of  the  disease,  in  regard  to  structural 
changes  both  in  the  tissues  and  in  their  func- 
tion. 

Let  us  take  up  a  single  instance  of  how  ani- 
mal experimentation  has  greatly  improved  the 
therapeutic  use  of  old  drugs.  Digitalis  was 
introduced  into  medicine  by  Dr.  William  With- 
ering in  1785  for  the  treatment  of  dropsy. 
Clinicians  at  various  times  urged  its  use  in 
various  conditions,  a  partial  list  of  which 
would  include  apoplexy,  rapid  pulse,  inacces- 
sible hemorrhage,  tuberculosis,  tuberculous 
hemorrhage,  inflammatory  fever,  malaria,  neu- 
ralgia, epilepsy,  hemicrania,  general  paresis, 
delirium  tremens,  menorrhagia,  uterine  atony 
and  typhoid  fever.^ 

Digitalis  was  in  general  use  for  seventy-five 
years  before  its  action  was  studied  by  the 
method  of  animal  experimentation.  In  spite  of 
all  these  years  of  clinical  use,  the  views  held 
by  medical  men  regarding  its  action  were  in 
many  important  respects  entirely  erroneous, 
and  its  field  of  therapeutic  usefulness  was  not 
clearly  defined,  as  the  list  of  conditions  in 
which  it  was  recommended  clearly  indicates. 
Thus,  in  1860,  Clarus  ^  stated  that  digitalis 
slows  and  weakens  the  heart.  Animal  experi- 
mentation with  this  drug  started  about  this 
time,  and  as  a  result  the  therapeutic  use  of 
digitalis  now  is  strictly  limited  to  the  condition 

5.  Brunton,  Sir  T.  Lauder:  Collected  Papers  on  Cir- 
culation and  Respiration;  London,  1907.  First  series 
p.32. 

6.  Clarus:  Handbuch  der  speciellen  Arzneimittel- 
lehre,   1860. 
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in  which  it  can  definitely  be  proved  that  it  is  of 
service — namely,  to  relieve  or  prevent  decom- 
pensation in  heart  disease  and  to  relieve  acute 
cardiac  breakdown.  The  drug  greatly  strength- 
ens contractions  of  the  heart  muscle.  This  we 
know  by  direct  observation,  and  this  knowledge 
could  not  have  been  reached  without  animal 
experimentation.  In  the  other  conditions  its 
use  has  been  virtually  abandoned.  In  the  same 
manner,  many  useless  drugs  have  been  elimi- 
nated, and  the  sphere  of  usefulness  of  many 
w^orth-while  drugs  has  been  accurately  defined 
so  that  positive  proof  exists  of  their  usefulness, 
each  in  its  own  field. 

THE   PURPOSES    FOR   WHICH   DRUGS   ARE   USED 

• 

Drugs  are  used  in  medicine  for  four  main 
purposes:  (1)  to  cure;  (2)  to  relieve;  (3)  to 
diagnose,  and  (4)  to  prevent  disease. 

The  curative  drugs  actually  remove  the  cause 
of  the  disease.  They  are  sometimes  referred  to 
as  specific  drugs.  A  list  of  the  best  recognized 
curative  drugs  is  given  in  Table  2. 

TABLE    2.— CURATIVE    DRUGS 

Drug  Disease 

Quinin Malaria 

Mercury Syphilis 

Arsphenamin Syphilis 

Neo-arsphenamin Syphilis 

Arsanilic  acid T^panosomiasis 

Ohaulmoogra  oil Leprosy 

Emetin Amebic  Infestation 

Oil  of  chenopodium. Hookworm  infestation 

Thymol Hookworm  infestation 

Santonin Roundworm  (Ascaris  limibricoides)  infesta- 
tion 

Pelletierin Tapeworm  infestation 

Thyroid  gland  (thyroxin) Cretinism,    myxedema    and    milder    forms 

of  hypothyroidism 

Diphtheria  antitoxin Diphtheria 

The  palliative  drugs  are  used  to  relieve 
symptoms  of  disease  and  often  thereby  prolong 
life.  The  most  important  of  this  group  of 
drugs  are  given  in  Table  3. 

The  drugs  used  to  relieve  or  to  prevent  pain 
include  the  general  and  local  anesthetics, 
opium,  morphin,  codein,  scopolamin  and  anal- 
gesics of  the  acetanilidacetylsalicylic  acid 
groups. 
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Drugs  used  to  meet  special  emergencies' 
include  ergot  and  preparations  of  the  pituitary 
gland,  to  prevent  hemorrhage  following  child- 
birth, and  iron  salts,  to  cause  a  rapid  regenera- 
tion of  blood  in  chlorosis  and  secondary 
anemia. 

Drugs  used  for  diagnostic  purposes  include 
tuberculin,  principally  in  veterinary  medicine; 
phenolsulphonephthalein,  in  tests  for  kidney 
efliciency;  atropin  sulphate,  in  cardiac  arrhyth- 
mias and  functional  spasm  of  the  pylorus,  and 
several  others  used  less  frequently. 

TABLE    3.— PALLIATIVE    DRUGS 


Dnig  Most  Important  Uses 

Digitalis  group Decompensated  heart  disease 

Purgatives Constipation,  to  rid  body  of  excess  of  fluid 

Camphor Cardiac  embarrassment 

Epinephrin Shock,  hemorrhage,  asthma 

Nitrites Especially  amyl  nitrite  in   angina  pectoris 

Diuretics To  increase  secretion  of  urine 

Arsenous  oxid Pernicious  anemia 

Glucose To  prevent  acidosis 

Soporifics To  promote  sleep;  in  certain  types  of  convulsions 

Atropin To  prevent  vagal  stoppage  of  heart;   decrease  secre- 
tions;  relax  bronchioles;   mydriatic 

Strychnin To  stimulate  respiratory  center 

Bromids TCpilepsy 

Phenobarbital P3pilepsy 


Drugs  used  to  prevent  disease  include  the 
iodids,  to  prevent  the  development  of  goiter; 
tetanus  antitoxin,  to  prevent  lock-jaw;  diph- 
theria antitoxin,  to  prevent  diphtheria,  and  vac- 
cinations, to  prevent  smallpox,  typhoid  fever, 
etc. 

In  many  instances  the  use  of  the  palliative 
drugs  saves  life  by  tiding  over  a  crisis  and 
enabling  the  natural  forces  tending  to  restore 
the  normal  to  become  operative. 

The  great  clinician  Sydenham  said,  "Without 
o]>ium  few  would  be  callous  enough  to  practice 
therapeutics."  It  is  essential  that  the  physician 
be  able  to  control  pain,  since  pain  is  most 
exhausting.  The  recent  work  on  shock  has 
emphasized  that  severe  pain  itself  is  inimical 
to  the  return  of  the  normal  state. 
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ROLE    OF    ANIMAL    EXPERIMENTATION    IN    THE 
INTRODUCTION   OF  A   N^W   DRUG 

The  role  of  animal  experimentation  in  the 
introduction  of  a  new  drug  into  human  or 
veterinary  medicine  should  be  presented:  In 
order  to  have  a  concrete  example  before  us 
we  shall  take  a  new  arsenical  drug  which 
some  investigator  conceives  will  be  a  better 
drug  than  any  known  in  the  treatment  of 
syphilis.  Let  us  begin  with  Ehrlich's  drug 
arsphenamin,  which  was  introduced  about  1910, 
in  the  treatment  of  syphilis. 

Ehrlich  started  out  with  the  information  that 
an  organic  arsenical  compound  known  as 
atoxyl  is  useful  in  the  treatment  of  diseases 
caused  by  trypanosomes,  such  as  trypanoso- 
miasis (South  African  sleeping  sickness).  The 
trypanosomes  are  biologically  closely  related  to 
Spirochaeta  pallida,  whick  is  the  infectious 
organism  in  syphilis.  Trypanosomiasis  is  vir- 
tually always  fatal  if  untreated.  Atoxyl  pos- 
sesses certain  disadvantages,  however,  in  that 
in  certain  cases  it  causes  impairment  of  vision 
or  even  blindness.  Ehrlich  found  that  atoxyl 
has  no  action  on  the  organisms  in  question 
when  they  are  exposed  to  the  drug  in  the  test 
tube.  In  the  infected  animals  (rats,  mice  and 
fowl),  the  drug  has  a  definite  destructive  action 
on  the  parasites. 

Ehrlich  and  his  colleagues  then  began  to 
make  a  series  of  chemical  derivatives  of 
atoxyl,  producing  in  all  nearly  a  thousand  sub- 
stances. The  six  hundred  and  sixth  substance, 
known  as  arsphenamin,  had  outstanding  value 
in  the  treatment  of  animals  experimentally 
infected  with  syphilis  (rabbit),  trypanosomiasis 
(rat  and  mouse)  and  spirillosis  (  fowl).  The 
next  point  which  had  to  be  elucidated  by  Ehr- 
lich and  his  coworkers  was  the  so-called  thera- 
peutic index;  namely,  the  ratio  of  the  curative 
dose  to  the  maximal  tolerated  dose.  For  a 
drug  to  be  useful  in  medicine  there  must  be  a 
sufficient  margin  of  safety  between  the  dosage 
which  will  be  beneficial  and  that  which  will 
do  harm.    This  ratio  again  must  be  worked  out 
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on  animals.  Following  this  part  of  the  study,. 
'  the  toxic  dose  of  the  drug  is  determined  in  a 
series  of  animals — rabbit,  guinea-pig,  white  rat 
and  white  mouse.  The  data  thus  obtained 
enable  one  to  arrive  at  the  surely  safe  dose 
which  may  be  used  in  the  first  studies  in 
human  therapy.  The  pathologic  changes  in  the 
tissues  produced  by  toxic  but  nonfatal  doses 
of  the  drug  in  animals  must  next  be  studied  in 
order  to  determine  the  point  of  attack  of  the 
drug  in  the  body  so  that  in  the  first  cases  of 
therapeutic  use  in  which  it  is  studied  we  shall 
know  exactly  what  type  of  symptoms  to  look 
for  if  the  drug  exercises  any  toxic  effects. 
Some  drugs  in  toxic  doses  manifest  their  first 
effects  on  the  circulation,  others  on  the  nervous 
system,  the  skin,  digestive  organs,  or  the  kid- 
neys, etc. 

In  this  manner  we  may  focus  our  attention 
in  the  early  therapeutic  study  in  man  on  the 
organs  likely  to  be  attacked,  and  by  appropriate 
tests  detect  the  very  earliest  sign  of  any  dele- 
terious effect.  In  this  way  a  drug  may  be 
excluded  in  human  medicine  if  it  is  too  dan- 
gerous— that  is,  if  there  is  not  a  sufficient 
margin  of  safety  between  the  therapeutic  and 
toxic  dosages  without  injuring  a  single  indi- 
vidual. Without  the  preliminary  animal  exper- 
imentation it  would  be  impossible  to  know 
where  a  drug  would  act  or  what  drugs  w^ere 
worthy  of  study  in  human  or  veterinary  medi- 
cine. No  man  who  had  the  proper  feeling 
toward  his  fellows  could  be  induced  to  make 
such  a  study  at  the  present  time  without  the 
information  to  be  obtained  by  animal  experi- 
mentation. 

The  statement  is  frequently  made  in  anti- 
vivisection  literature  that  "the  last  experiment 
must  always  be  on  man."  The  foreknowledge 
gained  from  animal  experimentation  is  of  as 
much  value  as  are  the  laboratory  tests  made 
to  determine  the  strength  of  new  materials 
used  in  the  construction  of  a  bridge.  The  final 
experiment  is  made  when  the  bridge  is  built 
and  in  use ;  the  preliminary  tests  must  be  made 
in  the  laboratory  to  learn  the  strength  of  the 
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materials  and  whether  there  is  any  probability 
of  success.  No  engineer  would  think  of  using 
untested  new  materials.  Surely  those  opposed 
to  animal  experimentation  would  hesitate  to 
recommend  that  tests  of  new  drugs  be  made  on 
the  human  being  without  previous  trials  on 
the  .lower  animals. 

With  all  this  preliminary  information,  ani- 
mal experiments  would  still  have  to  be  done 
to  determine  the  chronicity  of  the  lesions  pro- 
duced by  a  toxic  dose  of  the  new  arsenical 
drug  in  order  to  know  what  period  of  time 
should  elapse  before  repeating  a  dose  for  ther- 
apeutic effects.  It  is  essential  that  the  repeti- 
tion of  doses  be  spaced  so  that  there  will  be 
no  accumulation  of  toxic  effects.  Finally,  after 
a  drug  has  been  successfully  introduced,  it  is 
necessary  in  the  case  of  arsenicals  to  control 
each  batch  of  the  manufactured  product  to 
make  sure  that  every  step  in  the  process  is 
properly  controlled.  Therefore,  the  toxicity 
must  be  tested  on  animals,  or  human  life 
would  occasionally  be  sacrificed. 

It  is  variously  estimated  that  from  5  to  10 
per  cent,  of  the  population  have  syphilis.  This 
disease  menaces  the  next  generation,  and  it  is 
of  inestimable  importance  to  control  its  rav- 
ages. There  is  no  field  of  medicine  in  which 
animal  experimentation  is  more  important  for 
progress  or  in  which  the  results  have  conferred 
greater  benefits  on  man.  The  future  in  this 
line  of  endeavor  holds  even  greater  promise 
that  this  scourge  will  be  conquered. 

It  should  always  be  borne  in  mind  that  some 
of  the  greatest  discoveries  in  therapeutics  are 
the  outcome  of  pure  research  undertaken  with 
the  thought  of  increasing  the  bounds  of  bio- 
logic knowledge  but  without  the  thought  of 
immediate  application;  but  this  is  not  always 
the  case. 

Sir  T.  Lauder  Brunton,^  an  eminent  physician 
and  an  ardent  animal  experimenter,  wrote,  in 
1867:  "Few  things  are  more  distressing  to  a 
physician    than    to    stand    beside    a    suffering 

7.  Brunton,  T.  L.:  Lancet,  July  27,  1867. 
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patient  who  is  anxiously  looking  to  htm  for 
that  relief  from  pain  which  he  feels  himself 
utterly  unable  to  afford.  His  sympathy  for  the 
sufferer,  and  the  regret  he  feels  for  the  impo- 
tence of  his  art,  engrave  the  picture  indelibly 
on  his  mind,  and  serve  as  a  constant  and  urgent 
stimulus  in  his  search  after  the  causes  of  the 
pain,  and  the  means  by  which  it  may  be  allevi- 
ated." Brunton  had  in  mind  the  patient  suf- 
fering from  angina  pectoris,  an  agonizingly 
painful  disease  of  the  heart,  and  he  introduced 
the  use  of  amyl  nitrite,  which  often  affords 
magical  relief.  The  introduction  of  this  drug 
by  Brunton  was  the  direct  result  of  animal 
experimentation.  Similarly,  the  observation  of 
human  suffering  at  the  bedside  and  the  depth 
of  sympathy  felt  by  the  physician  is  often  the 
direct  stimulus  for  investigation  involving  ani- 
mals. The  physician's  sympathy  in  these  cases 
does  not  take  the  idle  form  of  such  phrases  as, 
"Too  bad;  I  am  sorry,  but  we  must  save  the 
guinea-pigs."  He  leaves  the  bedside  with  the 
determination  to  be  able  to  control  the  next 
such  situation  which  arises,  and  to  bestow  the 
blessings  of  relief  for  which  his  profession 
stands.  He  knows  full  well  that  to  accom- 
plish his  purpose  means  energy,  hard  work, 
ingenuity,  ability  to  stand  up  under  disappoint- 
ments, financial  loss  and  self  sacrifice.  All 
these  obstacles  he  is  ready  to  face;  they  are 
inevitable,  and  he  knows  it.  But  there  is  a 
form  of  obstruction  which  he  ought  not  to  have 
to  encounter.  It  is  the  opposition  of  persons 
who  are  either  fanatical  or  misinformed  on 
the  subject  of  animal  experimentation.  Among 
the  former  one  often  sees  individuals  with  an 
excess  of  money  and  leisure  and  no  legitimate 
outlet  for  their  energies,  who  either  have  no 
conception  of  the  mass  suffering  of  the  race, 
or  are  totally  callous  to  it,  who  seek  to  inter- 
fere with  his  noble  purpose  and  to  revile  him, 
his  methods,  and  his  purposes,  to  the  unin- 
formed public  through  falsehood  and  calumny. 
Attempts  to  convince  such  persons  of  the  legiti- 
macy and  propriety  of  animal  experimenta- 
tion have  been   and   probably   always  will  be 
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fruitless;  but,  as  already  intimated,  there  are 
other  individuals  who  have  taken  this  matter 
up  largely  because  of  the  misrepresentations 
perpetrated  by  their  fanatical  colleagues.  It  is 
to  this  misinformed  class  and  to  the  unin- 
formed public  that  the  experimenter  must 
appeal,  and  in  so  doing  he  feels  that  their 
intelligence  and  rational  philanthropy  will  be 
ready  to  meet  him  haK  way  and  result  in  a 
complete  understanding. 

Forget  for  a  moment  that  the  methods  of 
animal  experimentation  have  given  us  prac- 
tically all  of  our  knowledge  of  physiology  and 
hygiene,  the  science  of  bacteriology,  aseptic 
surgery  and  local  anesthesia,-  and  have  greatly 
contributed  to  the  knowledge  and  safety  of 
general  anesthesia,  and  the  proper  use  of  most 
of  our  drugs.  In  brief,  let  us  suppose  that  the 
methods  of  animal  experimentation  had  not 
added  immensely  to  our  knowledge  of  human 
and  veterinary  medicine  and  practically  rid 
the  world  of  Asiatic  cholera,  yellow  fever, 
bubonic  plague  and  many  terrible  epidemic 
diseases  adfectine  animals.  On  this  supposition, 
let  us  imagine  that  a  physician  sees  a  patient 
suffering  with  general  paresis  resulting  from  an 
accidental  and  innocent  infection  with  syphilis 
years  previously.  He  knows  that  the  mental 
impairment  if  untreated  will  be  permanent, 
that  the  family  will  lose  a  valuable  member 
and  will  be  stigmatized  by  having  a  member 
die  in  a  hospital  for  the  insane,  and  that  the 
marriageability  of  sons  aand  daughters  will  be 
interfered  with.  Suppose  this  physician  begins 
an  investigation  involving  animals  in  the  deter- 
mination to  find  a  way  of  treating  or  prevent- 
ing the  development  of  this  disease,  believing 
that  animal  experimentation  had  never  up  to 
that  time  accomplished  anything.  Should  he 
be  helped  or  hindered  in  his  work?  Let  those 
who  suffer  answer;  or,  if  they  cannot,  let  those 
who  see  them  and  render  all  aid  within  their 
knowledge  answer  for  them.  But  do  not  allow 
the  answer  to  be  given  by  those  who  are 
ignorant  and  refuse  to  be  informed,  and  who 
lead  such  happy  lives  that  they  never  come  in 


26 

contact  with  anything  more  pitiable  than  a 
dumb  animal.  Their  opponents  see  poignant 
human  suffering  all  the  day  and  every  day. 
The  ideal  and  log|ical  solution  would  be  to  let 
each  group  turn  its  attention  to  the  relief  of 
the  type  of  suffering  that  it  sees.  The  medical 
experimenter  is  undterably  opposed  to  wanton 
cruelty  wherever  found,  and  will  lend  moral 
and  financial  support  to  any  movement 
directed  against  it.  The  only  conflict  that 
exists  is  that  those  in  favor  of  animal  experi- 
mentation demand  that  the  lives  of  a  few 
animals  may  be  sacrificed  in  the  most  humane 
manner  possible  for  the  benefit  of  the  human 
race  and  the  remainder  of  the  animal  world. 
The  proposition  may  be  briefly  stated  in  this 
way:  Even^  new  drug  must  have  its  first  trial. 
Shall  this  nrst  trial  be  on  man  or  on  animals? 
Each  must  answer  this  question  for  himself; 
but  the  answer  must  be  made  with  the  full 
knowledge  that  drugs  act  very  similarly  on  man 
and  on  animals. 


